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s tudies on the ISssential Oils of C3/'iribopogon mar t in i , 
va r . Motia and var» Sofia 
Genesis of the inves t iga t ion 
Gingergrass and palmarosa oiJ-s are obtained hy the 
• ^ 1 • • 
hydrod i s t i l l a t i on of two v a r i e t i e s of Gymhopogon martini -
2 
'sofia and matia which are morphologically, indistinguishable . 
At. many places, they grow contiguously and get mixed up 
during collection for distillation. Palmarosa oil is in 
great demand because of its high g^raniol content, but is 
often contaminated with gingergras5 oil due to intended 
or accidental adulteration. 
In Andhra Pradesh, both thes^ varieties are abundantly 
available. The geraniol content o:f the palmarosa oil obtained 
from these areas is, however, relatively low (50-80.per cent)^ 
the commercially acceptable oils a?© required to contain 90 
to 95 per cent of geraniol. '^ he lower geraniol content of the 
palmarosa oil may either be due to its admixture with ginger-
grass oil which has a much lower alcohol content or because 
of the hybridisation of the motia variety of grass. While 
investigating some geraniol-containing oils, the present author 
camxe across a sample of gingergrass oil which had no geraniol 
(reported geraniol content for gingergrass oil, 36-75 per cent)' 
Oils from other authentic sources also shox,fed absence of 
geraniol. 
A study of available literat^ ire revealed that the results 
obtained "oy different workers on the chemical composition of 
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the gingergrass oil show considerable divergence * . It seemed 
likely that these studies were cari-ied out on impure samples of 
the oil. A critical examination of pure gingergrass oil was,. 
therefore, thought necessary. 
Palmarosa oil distilled in Andhra Pradesh is of low 
quality. The distillers, therefore, raise, the geraniol content 
to the desired 90-95 per cent by a subsequent distillation, 
usually fractional 'nydrodi still at ion. This, hovrever, impairs 
the floral quality of the oil. It was, therefore, considered 
advantageous to study the deterpenation of low-grade palmarosa 
oils by an improved technique, f-jydrotropic extraction which 
has been employed to produce geraniol-rich oils has been applied. 
to the field of essential oils for the first time. 
Sinco the palmarosa oil is often found adulterated with 
of 
gingergrass oil and also because/the need of authenticity of 
the two oils required for the present studies, it was necessary 
to find methods to assess the purity of the two oils as also 
to enable the d.etection of adEiicture of one oil in the other. 
The present investigations -v/ere, therefore, divided 
into three parts. 
1. Chemical examination of gingergrass oil, 
2. Deterpenation of palmarosa oil by hydrotropic 
extraction; and 
3. Methods for detection of admixture of gingergrass 
and palmarosa oils. 
1. Chemical examination of Ringernrass oil 
The gingergrass oil used for this study was distilled 
from grass growing at Bhongir, a place about thirty miles from 
Hyderabad. The collection of the grass and the distillation of 
the oil vrep© conductei* under the personal supervision of the 
author. 
For the i so l a t i on and iden t i f i ca t ion of the cons t i tuen t s , 
tecb_nlques l i ke f rac t iona l d i s t i l l a t i o n , paper, t h in - l aye r , . 
column and gas- l iquid chromatography and u l t r a v i o l e t and Infrared 
spectroscopy v/ere employed. 
Free acids in the o i l were f i r s t extracted and were found 
to be ace t i c , n-caproic and l evu l in i c acids ( t o t a l ac ids , 0 .1 per 
cent ) . Phanols (0.8 per cent) were resolved in ten spots on a 
paper chromatograra. 
The main port ion of the o i l consisted of hydrocarbons, 
alcohols ejid carbonyl corupounds. (-)-Limonene (I) was sho^ iini t o 
be the only hydrocarbon cons t i tuent . (+)-<^-Phellandrene, 
3,4 
reported by e a r l i e r workers ' to be present in gingergrass o i l 
was not detected. 
Three alcohols were iden t i f i ed . These are i) (-)-cis.-2.-
Mentha-l ,8-dien-3-ol ( Isopiper i tenol) ( I I ) , i i ) (-) -cis-p-Mentha-
1(7) ,8~dien-2-ol ( I sope r l l l y l alcohol*). ( I l l ) , and i i i ) (+ ) -Pe r i l -l y l aj-cohol (IV). 
I.Limonene 
H3C'^"^H2 
I I . c l s - I s o p i p e r i -
tenpl 
CH2OH 
"^CH2 
I I I . cis-p-Mentha-l(7) , 
8-dien-2-ol 
Q . d s o p e r i l l y l alcohol! 
17<. P e r i l l y l alcohol V. Garvone 
^' In consu l ta t ion with Dr. Naves, alcohol I I I has been given 
the t r i v i a l name of i s o p e r i l l v l alcohol 
4 
Geraniolj i^liich was consldereii to be the main const i tuent 
3 4 
of gingergrass oil by previous workers ' , was found to be 
completely absent. 
The isolation of alcohols II and III, which have been 
isolated for the first time and for vmich the structures have 
been established was of particular interest and they were studied 
in detail. 
Among the carbonyl constituents, (+)-carvone (V) was 
identiiieii. in aldehyde was also present in trace quantities, 
but it could not be identified. The analysis of its 2,4-dinitro-
phenylhydraaone shov/ed it to have a molecular formula of CIOB.IQO. 
5 
V/hlle t h i s work v/as in progress , Naves and Grampoloff 
published r e s u l t s of the chemical examination of two e s sen t i a l 
o i l s , v i z . CymbopoKon densif lorus and Cymbopogon martini^ var . 
Sofia. The o i l from Cymbopogon densif lorus was studied in d e t a i l 
and besides ( - ) - p e r i l l y l alcohol, the presence of three new 
a lcohols , namely, (•)-)-cis- and trans-p-mentha-2s8~dien-l-ols • 
and (+) -Gis-p-mentha"l(7) ,8-dien-2-ol / i s reported. The 
presence of these const i tuents in gingergrass o i l v/as shovm by 
the comparison of gas- l iquid chromatographic and f rac t iona l 
d i s t i l l a t i o n data . The a lcohols , c_ls^ and trans-p~mentha-2,8-
dien-1-ols v;ere not found by the present author, 
5 Naves and Gram.poloif have postulated that gingergrass o i l 
contains.only ( - ) - p e r i l l y l alcohol and the (+)-enantiomer reported 
6 
by earlier authors is the result of the allylic isomerisation of 
(+) -cis-p-mcntha-lC?) ,8-dien-2--ol (III) during the decomposition 
of geraniol by formic acid treatment to isolate perillyl 
6 
alcohol (IV) • It is interesting to note that in the presei 
studies, the perillyl alcohol (IV) has been obtained in the 
dextrorotatory form. Since there was no gerani4»l in the 
gingergrass oil, heating with formic acid to eliminate it ^ '^as 
not carried out» M s o , the ci_s-£-mentha-l(7) ,8-dien-2-ol (III) 
has been obtained as the (~)~enantiomer and its isomerisation 
by any other raeans is not likely to lead to (H-)-perillyl 
alcohol. It is, therefore, concluded that (+)-periliyl alcohol 
(IV) does occur in gin^er^^rass oil as an independent constituent. 
cis-r)-Kenthr.--l.i8~dien-3-ol (II) is beliey^ed to be isolated 
for the first time from a natural source. The iiientification is 
based on its hydrogenation to neoisomenthol and oxidation to 
iso'pIperitenone (probably mixed with piperitenone). 
The cis-p-mentha-K?) ,8-dien-2-ol (III) has also been 
obtained for the first time. The alcohol gave carvomenthol on 
hydrogenation. Its oxication by Beckinann mixture gave perill-
aldehyde among its reaction products, and its infrared spe-ctrum 
and the results of ozonolysis indicated the presence of two 
end methylene groups. 
5 , , 
Naves and Grampoloff have i so la ted the (+)-enantiomer 
of I I I and on i t s ca t a ly t i c hydrogenation have obtained i so -
carvomenthol. In the present s tudies , carvomenthol has been 
obtained as the major product of the c a t a l y t i c h^rdrogenation. 
The present author has pur i f ied the alcohol I I I from i t s 
c ry s t a l l i ne ^^.^S-dinitrobenzoate and recorded i t s physical charac-
t e r i s t i c s , which are different from those reported by Naves and 
•5 Grampoloff . The melting points of the 3,5-dini troben2oates of 
the two samples are a lso d i f fe ren t . I t appears that Naves and 
5 
Grampoloff i so la ted the t r ans isoraer, which they designated 
7,8 
S.S cis. This conti-.ntion has recently been supported 
2. Deterpenatlon of palniarosa o i l by hydrotroplc ext ract ion 
o 
Palr/iarosa oils of 90-95 per cent geranlol content are 
comiaerdaily important for the Isolation of geranl&l and their 
use in perfumes. A very large quantity of the palmarosa oil is 
produced by Aridhra Pradesh which, however, is of a low geranlol 
content (50-75 per cent). The acceptability of the higher 
geranlol content oils, as also the general advantages of the 
9 20 
terpeneless essential oils ' make the deterpenatlon of this 
oil profitable. The comraon methods of deterpenatlon, viz« 
fractionation , steam distillation ' , solvent extraction 
and chroaatO;^raphic scparction "^  suffer frora one drawback 
or the other. In commercial practice, fractional hydrodlstilla-
tion is carried out. 
The present studies describe a nev; raethod for the deterpena-
19 
tion of the essential oils based on the principle of hydrotropy 
Hydrotropy is the phenomenon in ivhich certain orgajiic acid salts-
are knov/n to ijicrease the solubility of the water-insoluble 
compounds in their aqueous solutions. It is.also known that the 
20 
polar compounds have a p re fe ren t i a l so lub i l i t y in such solut ions .* 
A nui?iber of hydrotroplc s a l t s have been used to ex t rac t the 
.geranlol and other oxygenated const i tuents from the lov;-grade 
palmarosa o i l s . Optimum conditions ho.ve been worked out and a 
number of general conclusions dravm.. Sodium sa l i cy la te has been 
found to f^ ive the best r e s u l t s . These r e s u l t s have bec-n corapared 
with steam d i s t i l l a t i o n , which i s the common process for the 
deterpenatlon of t h i s o i l . The extracted o i l can be quan t i t a t ive ly 
recovered by d i lu t ion of the hydrotroplc solut ion. No heat 
treatment i s thus involved, and the f l o r a l qual i ty i s re ta ined by 
the o i l . The technique of hydrotroplc ext rac t ion for deterpnation 
i 
of palmarosa oils is therefore superior to the existing 
methods. 
3. Distinguishing; tests for palmarosa and eingerg;rass .-ils 
Palmarosa oil, obtained from Cynibopogon martini var.motia 
has a considerable demand in the perfumery industry on account 
of its geraniol content. Its adulteration v/lth gingergrass oil 
is common in the trade. The evaluation of the palmarosa oil 
is primarily carried out by the determination of its alcohol 
content (acetyl value). The presence of gingergrass oil which 
5 
also has a substantial quantity of alcohols (other than 
geraniol) often remains midetected. Studies were, therefore^ 
undertaken to develop methods, both chemical and pliysical, to 
detect the presence of one oil in the other. These tests were 
also utilised in cheeking the purity of the palmarosa and 
used 
gingergrass oils/ln the present studies. Three reagents have 
been developed, which give specific colours with the two oils. 
By their use, not only the palmarosa and gingergrass oils are 
distinguished from one another, but also an adulteration of 
one in the other can be detected. Thus, the presence of as 
low as 0.25 per cent gingergrass oil in palmarosa oil could be 
easily detected. 
The above work has been extended and the specific consti-
tuents responsible for these colour differentiation have been 
found out. 
The chemical tests are now being studied by different 
laboratories under the aegis of Indian Standards Institution on 
synthetic mixtures of palmarosa and gingergrass oils to incor-
porate these in their specifications for the tvjo oils. 
8 
Gas-liquld Ghromatogra.phy and infrared spectroscopy were 
found to tsive inforiridtion as regards the pur i ty of the two o i l s . 
3 5 
Since the tvro oils differ in their chemical composition ' and 
the separation of their constituents could he achieved "by gas-
liquid chromatogr-aphy, this technique could be used to detect 
even the slij^ htest adifLteratlon of one oil in the other. 
In infrared spectroscopy, the intensity of the band at 
-1 
about 890 cm in gingergrass oil was found to be about three 
times that of palmarosa oil. Other characteristic bands were 
also founc: to be of use in distinguishing one oil from the other. 
The physical methods are, hov.'ever, being further studied 
for a quantitative estimation of the adulteration. 
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PART I 
CHEMICAL EXAMINATION OF 
GINGERGRASS OIL 
INTRODUCTION 
The essential oils are the volatile odoriferous 
s;abstanees isolated from the plants by expression, extraction 
or steam distillation. They are usually mixtures of various 
acyclic, alicyclic, aromatic and heterocyclic compounds. The 
general term terpenoid describes a compound which contains 
carbon and hydrogen, or carbon, hydrogen and oxygen aiid is 
non-benzenoid in character. The terpenoids occur in most of 
the essential oils and generally have multiples of five 
carbon atom units derived from isoprene (I) 5 these units are 
usually joined head to tail, as for example in myrcene (II) 
and limoncne (III). 
I 
CHv-C-CH=CH. 
'3-fr 
CH2 
I, Isoprene 
3 I 2| 2 (I 2 
II. Myrcene 
III. Limonene 
m some cases, however, some of the isoprene units are joined 
tail to tail also, as in squalene (IV). These observations 
IV. Sa_ualene 
2 
are th© bas is of the -well-known ' Isoprene Rule' which was 
1 
f i r s t enunciated by Ruzicka in 1922 . The rule as i t ex i s t s 
today s t a t e s tha t the carbon skeleton of terpenoids i s composed 
2 
of isoprene units linked in regular or irregular arrangement . 
The terpenoids with 10 carbon atoms are named mono-
terpenoids and those with 15 carbon atoms, sesquiterpenoids. 
Diterpenoids and triterpenoids have 20 and 30 carbon atoms 
respectively. 
BIOGEKBSIS OF TSRPBNOIDS 
Because of the general conformity of terpenoids to the 
isoprene rule, isoprene (I) was postulated to be the precursor 
of terpenoids in vivo^ the hydrocarbon being supposed to be 
3 4 
formed from an cK-amino-acid (leucine) or from a carbohydrate ' . 
Though isoprene can be obtained by the dry distillation of 
rubber and by the pyrolysis of limonene, it has never been 
isolated from an essential oil. 
During the past eighteen years, the accumulated 
evidence indicates that the isoprene biogenetic hypothesis is 
probably an extension of a more fundamental rule in which' 
5 
aceta te forms the basic uni t . The isopentane uni t .may be 
derived from three molecules of ace ta t e , wi th ' the loss of a 
carboxyl group. The imm.ediate product, 2-methylcrotonic acid 
(senecioic acid) (V), occurs as a na tura l product in 
-H2O • - -C02 
CH3CO2H + CH3CO2H >CH3COCH2C02H-^CH3COCH3 
CHgCOgH 
CH3 
:c=CHco2H — » yc=^c H CO2H <-
CH3GO2H 
(-H20) 
HO2CCH2 CH3 
V.2-Methylcrotonic acid 
(Senecioic acid) 
S@n@cio Kaempferl. This hypothesis has been supported by 
Bonner et. al» on the basis of the formation of labelled 
rubber from labelled acetic acid. Though senecioic acid has 
not been isolated from any rubber-bearing plant, some evidence 
has been adduced to support its formation as an intermediate 
when labelled acetate is supplied to seedlings of Parthenium 
argentatum . 
9,10 
Bloch and his collaborators' have established that 
acetate is the primary building unit from which animal tissues 
synthesise cholesterol., The hypothesis, first propounded by 
11 12 
Gbsnnon and by Robinson that the acyclic triterpene squalene 
is an Intermediate in the biosynthesis of cholesterol, has now 
9 10 13 14 
been revived ' ' ' . This view has been substantiated by 
15 
Langdon and Bloch , who have Isolated radio-active squalene 
14 from the livers of rats fed with C -acetate and squalene. The 
radioactive squalene when fed to rats is partly converted into 
radioactive cholesterol. 
In the very first stages of the studies on biosynthesis 
the important discovery was made that mevalonic lactone 
(P-hydroxy-P-methyl-S"-va{r0lactone) (Vl) is converted into 
cholesterol by rat liver, and is a more likely precursor than 
HO CH^ 
VI. Mevalonic lactone 
4 
, 16,17 
senccioic aeid (?) . This lactone appeared to be either 
an important biological precursor of isoprene units or con-
vertible by some biochemical trans'formation into an 'active 
isoprene unit*. The view that each of the terpenoid groups 
should be derivable from hypothetic simple precursors such 
as squalene, geranylgeraniol, farnesol,.etc., has been called 
2 
the 'biogenetic isoprene rule' . 
Though the biosynthesis of the terpenoids from' acetate 
was well-recognised, the Intermediate stages of the biogenesis 
were not clear till recently. An activated C5 unit which would 
provide energy for the linkage of two C5 units appeared most 
likely. Since in biosynthetic reactions pyrophosphate linkage 
is known to provide energy, the search was specifically made in 
18 
this direction. Lynen and collaboratores working on this 
line have now established the pathways for the biosynthesis of 
the terpenoids. 
Isopentenyl pyrophosphate (VII), discovered independently 
^ . 18 19 
in the laboratory of Lynen and of Bloch , turned out to be 
the long sought for active isoprene. It may.indeed be. looked 
CH-j — CH-> 
I 3 -HP2O7 1 -^  
CH5=C-CH-CHo • -^  CH5=C-CH=CH-
I , ^_ if ! 
VII. Isopentenyl pyrophosphate I. Isoprene 
upon as a masked isoprene because loss of pyrophosphate would 
result in isoprene (I). Though the intermediate formation of 
isoprene from this ester does not take place in biological 
systems In the building up of terpenoids, it can be converted 
18? 
into farnesyl pyrophosphate which is the precursor of squalene . 
Isopentenyl pyrophosphate (VII) has been obtained as its 
14 
crystalline silver salt, labelled at C-l, from labelled G O2 
18 
by Lynen . I'lhen incubated with the enzyme isopentenyl pyro-
18, 
phosphate isomerase ( a l s o d iscovered by Lynen ) , ¥11 i s 
i somer ised t o S j S - d i m e t h y l a l l y l pyrophosphate ( V I I I ) . The 
CH^ CHv, 0 0 
I •* Enzyme I "^  I 1 -
C H 3 = C - C H - C H 5 • C H ^ C = C H r C H 5 - 0 - P - 0 - P - 6 
H OR5O. O O 
^ ° V I I I . 
VII. . . 3 ,3 -Dime thy la l ly l pyrophosphate 
coupl ing of C5 u n i t s (VII and VIII) i s e f f ec t ed by the enzyme 
f a r n e s y l pyrophosphate syn the tase which has a l s o been i s o l a t e d 
from y e a s t . I'Jhcn d i m e t h y l a l l y l pyrophosphate (VI I I , 1 mol.) 
and i sopen teny l pyrophosphate (VII , 2 mol.) a re incubated wi th 
t h i s enzyme 5 f a r n e s y l pyrophosphate i s formed. If t h i s 
incuba t ion i s c a r r i e d out i n presence of l a r g e excess of V I I I j 
geranyl pyrophosphate can be i s o l a t e d as an i n t e r m e d i a t e . 
Geranyl pyrophosphate can then be conver ted t o f a r n e s y l 
pyrophosphate by the a d d i t i o n of another Cg u n i t from VI I , 
Fa rnesy l pyrophosphate has thus been exper imenta l ly demonstrated 
t o be an i n t e rmed ia t e in the b i o s y n t h e s i s of t he t e r p e n o i d s . 
The complete scheme fo r t h i s b i o s y n t h e s i s i s diagrafflmati?ically 
, . 18 
given Del OX'/ 
6 
C02 / /^-Methylcrotonyl-CoA f Isovaleryl-CoAf-Leucine 
ATP 
^ADP + P 
/3-Methyl g lu t aconyl-CoA 
EgO 
2TPNH j^ XP 
i^-Byd.voxy-f-methyl--^—? Mevalonic a c i d - ^ M e v a l o n i c ac id -S-P 
glutaryl-CoA 2TPN iiDP 
/" 
Acetoacetyl-CoA 
ADPy 
Mevalonic acid-5-PP 
ATP 
Acetyl-CoA ADP+P+C02 •^ ^ATP 
•T 
Carbohydrates, Fats 
isopsrrKffrL-pp 
U 
Dimethylallyl-PP 
Monoterpenoids^^ Geranyl-PP 
Sesquiterpenoids^ 
Cyclic Triterpenes< 
TPNH 
qualene f-^^^Farne syl-PP 
TPN 
Steroids 
Steroidal hormones 
Bile Acids 
7 
GSMBRAL METHODS OF 3TKUGTUKS DSTERMIN^IOM 
The i s o l a t i o n of the i n d i v i d u a l t e r p e n o i d s of ten p r e s e n t s 
p r a c t i c a l d i f f i c u l t i e s . The d i f f e r e n t methods t o i s o l a t e the 
v a r i o u s chernical c l a s s e s of compounds as a l s o the i n d i v i d u a l 
compounds of the same c l a s s a re based mainly on f r a c t i o n a l 
d i s t i l l a t i o n , format ion of a d d i t i o n p r o d u c t s , chromatographiy 
and coun te rcu r ren t e x t r a c t i o n . 
The e lementa l a n a l y s i s t o g e t h e r wi th the phys ico-chemica l 
c h a r a c t e r i s t i c s u s u a l l y i n d i c a t e s the chemico.l n a t u r e of the 
i s o l a t e d t e r p e n o i d . The ex ten t of u n s a t u r a t i o n can be e a s i l y 
determined by q u a n t i t a t i v e hydrogenat ion . The conjugat ion of 
t h e double bonds i s shown by the e x a l t a t i o n of the molecular 
r e f r a c t i o n , u l t r a v i o l e t spectrum and by the format ion of 
s p e c i f i c d e r i v a t i v e s . 
The c l a s s i c a l approach t o s t r u c t u r e e l u c i d a t i o n c o n s i s t s 
of the chemical degrada t ion of the molecule and the i d e n t i f i c a t i o n 
of t h e f ragments . The o r i g i n a l molecule i s then at tempted t o be 
r e b u i l t t o e x p l a i n the p rocess of breakdown. F i n a l l y , t he 
molecule i s syn thes i sed from simple known compounds t o e s t a b l i s h 
t h e i d e n t i t y of t h e . i s o l a t e . Some p rocesses of degrada t ion a re 
moderately s p e c i f i c , but of ten the c o n t r o l of the r e a c t i o n and 
t h e s e p a r a t i o n of the i n d i v i d u a l fragments becomes d i f f i c u l t . 
Recent tendency t o use mi lder and more s p e c i f i c r e a g e n t s 
or t o use the c l a s s i c a l r eagen t s under mi lder cond i t i ons has 
made the s t u d i e s on the s t r u c t u r a l de t e rmina t ion more d e f i n i t i v e . 
Also , the use of the phys i ca l methods l i k e spect roscopy and 
g a s - l i q u i d chrom?tograph^^ a l lows the study of even the very 
minor c o n s t i t u e n t s of the e s s e n t i a l o i l s . 
8 
In the present inves t iga t ion both chemical and physical 
methods have been used for i den t i f i ca t ion of the known individual 
cons t i tuents and the s t ruc ture determination of the two new 
alcohols i so la ted from the gingergrass o i l . The chemical 
methods consisted of well-known procedures, such as formation 
of de r iva t ives , hydrogenation, dehydrogenation and oxidation 
and are described i n t e r a l i a in the relevant por t ions of t h i s 
work. The physical methods used were paper, t h in - l aye r and 
gas- l iquid chromatography and u l t r a v i o l e t and infrared spect ro-
scopy. These methods are a lso now equally wel l -es tab l i shed . 
Their appl ica t ion in the f i e l d of essentia.1 o i l s i s , however, 
b r ie f ly reviewed. 
Thin-layer chromatography 
The f i r s t instance of the separation of organic compounds 
on adsorbent powder i s recorded more than twenty-five years 
20 21 
ago , but it was in 1949, that Meinhard and Hall prepared 
microscopic slides v;ith a layer of alumina held together by 
starch and developed circular chromatographic zones on them. 
The method of thin-layer chromatography (TLC) was considerably 
22-29 28 
developed by Kirchner et. jl. Miller and Klrchner even 
carried out microchemical reactions directly on silica gel 
plates to help in characterising the starting material. 
30-38 
Stahl was responsible for the s tandardisat ion of the 
adsorbents and of the equipment. Since then TLG has found use 
in the separation of almost a l l types of compounds and i t s 
39-43 
u t i l i t y as an ana ly t ica l too l i s now wel l -es tabl i shed 
Besides Kirchner et a l . , a number of other workers have reported 
44.-50 
i t s use in the separation and iden t i f i ca t ion of terpenoids 
The appl ica t ion of the technique for quan t i t a t ive analysis 
9 
26,51 has also been described . 
Though silica gel has been the most common adsorbent, 
other materials like alumina, cellulose powder, carbon black 
40 52 53 
and polyamide powder have also been used * ' 
U t i l i t y of th in - l aye r chromatography 
TLG i s a t rue adsorption process and hence d i f fe r s 
e s sen t i a l l y from the technique of paper chromatography which i s 
34 
based on a partition mechanism. Stahl has developed the 
concept of differential adsorption of organic compounds on 
silica gel layers. Thus, the saturated hydrocarbons are poorly 
adsorbed; the adsorption of unsaturated hydrocarbons increases 
with an increase in the number of double bonds and their conjuga-
tion; adsorption is enhanced with the introduction of the 
functional groups into a hydrocarbon in the following increasing 
sequence: -GH3, -0-alkyl, ^C=0, -NH2, -OH, -COOH. 
Conformation also sometimes plays a part in differential 
adsorption. Thus, it has been demonstrated that menthols with 
equatorial hydroxyl groups are adsorbed more strongly on silicic 
41 54 
acid than those with axial hydroxyl groups ' . The conforma-
tion of the methyl group, on the other hand, has no influence 
on adsorption. This also shows that it is through the hydroxyl 
group that the adsorption on silicic acid takes place, the R^ 
values indicating the degree of its steric hindrance. 
The advantages of TLG over paper chromatography are 
listed below:'' 
1. For the detection of spots, the use may be made of 
very corrosive substances like sulphuric acid, nitric acid, 
bromine, potassium permanganate, etc., which cannot be employed 
in paper chromatography. 
1 
2. The separation i s sharper and there i s almost no 
t a i l i n g . 
3 . The equ i l ib ra t ion problem of the chromatographic 
j a r s i s of only minor importance. 
4. The time taken for running a p l a t e i s usually t h i r t y 
t o for ty- f ive minutes, which i s much l e s s than tha t for developing 
paper chromatograms. 
5. The experiments carr ied out with different solvent 
systems on p l a t e s serve as a guide for appl icat ion t o column 
chromatography for preparat ive work. 
In the present s tud ie s , t h i n - l a j e r chromatography was used 
in following the course of f rac t iona l d i s t i l l a t i o n and together 
with other physical p rope r t i e s , i t was employed as an index t o 
the composition of various f rac t ions as well as an aid to 
combining f rac t ions having iden t ica l cons t i tuen t s . This technique 
was made use of in determining the f i na l pur i ty of an i s o l a t e 
as a supplement t o gas-l iquid chromatography. In column 
chromatography a l so , the se lec t ion of the appropriate solvent 
system was great ly f a c i l i t a t e d by carrying out the preliminary 
work on th in - l aye r p l a t e s . The f rac t ions col lected on the 
automatic f rac t ion co l lec tor were also evaluated and combined 
using th in - l aye r chromatographic methods. 
Gas-liquid chromatography 
The basic method of gas chromatography i s as old as 1905 
55 
when Ramsay used i t to separate mixtures of gases and vapours. 
The recent teclinique of gas- l iquid chromatography (GLC) v/as, 
56 
however, introduced by James and Martin following the theore-
57 
t i c a l suggestions of Martin and Synge 
11 
Analytical applications 
A very wide range of substances have been examined by gas-
58—61 
l i q u i d chromatography . The use of GLC f o r t h e a n a l y s i s of 
e s s e n t i a l o i l s has now become an accepted and widely used 
62—RS 
technique . Extensive studies have been made in connection 
with the separation of terpenoids which have very close boiling 
points and differ only in the position of the double bonds or of 
the substituents. Wot only the separation of various compounds 
is effected, but also information as regards their chemical 
89 90 91 
nature and their configuration is often obtained . Using 
appropriate conditions, the v;orking temperatures have been brought 
down to about 100° for terpenic alcohols , thus minimising the 
possibility of dehydration, polymerisation and isomer!sation. 
Gas-liquid chromatograplriy has been used for the separation of 
the isomeric menthols '' '' and also (+)-and (-)-enantiomers 
93 95 9g 
of various compounds ' ' . 
In the present studies, the GLC was used to assess the 
final purity of the individual isolates, for establishing the 
absence of o<-phcllandrene in the gingergrass oil as also in 
determining the approximate percentage composition of some of 
the reaction products. 
Spectroscopy 
Mhen a molecule absorbs light, its momentary increase in 
energy can be accommodated as extra electronic, vibrational and 
rotational energy. The vibrational and rotational transitions 
are produced by infrared light, while the absorption of ultraviolet 
97 98 
and visible l ight produces the electronic t ransi t ions ' 
12 
Ultraviolet spectroscopy 
In an ultraviolet spectrum, the absorption of a compound 
is 'selective' when with varying wave lengths there are marked 
changes in its intensity. The groups or structural features 
like conjugated and benzenoid systems, carbonyl and nitro 
groups, etc., which make a compound exhibit selective absorption 
are knovm as • chromophores'. Non-conjugated crompounds like 
alcohols, amines, ethers, carboxylic acids and alkyl chlorides 
show only a general absorption. 
The identity of the absorption curve of a compound with a 
reference substance is used in the identification of that 
compound. However, the ultraviolet spectrum is not so suitable 
as the infrared spectrum for the 'finger-printing' of compounds. 
The lesser complexity and smaller degree of structural specifi-
city of ultraviolet absorption, however, make it more amenable 
to empirical interpretation. The very high £-values in 
ultraviolet spectra in comparison to those obtained with 
infrared make it easier to pick out a characteristic band of a 
substance present even in small concentration. 
In studying the essential oils and in solving the struc-
tural problems in terpene chemistry, extensive use of ultraviolet 
99-106 
spectroscopy has been made . The main use of this 
technique in this field is in the detection of conjugation. The 
saturated compounds and also those having Isolated double bonds 
106 
are reported to show only a general absorption above 200 mp. 
However, the Improved techniques have enabled measurements to 
be made in 180-200 mji region and in triterpene series single 
107 
ethylenic linkages have thus been detected . This method 
is particularly suited to identify tetrasubstituted ethylenic 
107 bonds, not shown by infrared 
13 
Conjugated dienes , l i ke c<-terpinene, <x-pyronene, oi ^ and 
/3-phellaiidrenes, e t c . , exhibi t cha r ac t e r i s t i c spectra with a 
106 108 
s ingle maximum . Woodward has formulated ce r ta in empirical 
109 
ru les ( l a t e r modified by Fieser) for cor re la t ion of A max. 
v/ith molecular s t ructure which r e l a t e the abs-orption maxima 
with the pos i t ion and degree of subs t i tu t ion of the chromophore. 
The A max. for a given s t ruc ture can thus be ca lcula ted . 
Al te rna t ive ly , from a study of the A max., the pos i t ion and the 
extent of subs t i tu t ion in a chromophoric group can be determined. 
The rules are given in Table I . 
Table I , Conjugated Dienes 
i) Double bond not in the same r ing 
mji 
.Bajsic value 214 
Increment for each carbon 
subst i tuent 5 
Increment for each exocylic 
double bond 5 
>\fflax. = total 
ii) Double bonds in the same ring (Homoannular series) 
Basic value 253 
Increment for each carbon 
substituent 5 
Increment for each exocylic 
double bond 5 
Increment for each C=C extending 
conjugation 30 
A max. = t o t a l 
The above ru l e s , in general , give values of A max. which 
agree s a t i s f a c t o r i l y with the observed va lues . A correct ion i s 
108 
applied i f a solvent other than ethanol i s used 
The tr iene-conjugated hydrocarbons absorb in 260 t o 
265 mji region and show three ra ther sharp maxima d i f f e ren t i a t ing 
14 
106 
them from homoannular conjugated hydrocarbons . An aromatic 
hydrocarbon i s dist inguished from a te rpenic hydrocarbon by the 
numerous, sharp absorption maxima, a l l of r e l a t i v e l y low 
106 
magnitudes m 260 to 265 myi region 
©^^-Unsaturated aldehydes and ketones are frequently 
encountered, in e s sen t i a l o i l s and can be studied by u l t r a v i o l e t 
absorption measurements. Such compounds show strong maxima 
in 220-250 mp region ( £ = 10,000-17,500). As \^ith conjugated 
dienes , the absorption maxima depend on the pos i t ion and the 
degree of subs t i tu t ion of the chromophore. . Subsidiary low-
in t ens i ty maxima are also shown in 315-330 mp. region (£=15-100) . 
110 
Table I I l i s t s the rules given by ¥ood\vard. for such compounds. 
Table I I . <3(/3-Unsaturated Carbonyl Compounds 
1 1 1 1 1 I I I 
_C=^C-C— 0 and -C == G-C ^  C-C =i 0 
^ ^ S Y p ^ mM 
Basic value (one double bond) 215 
Increment for each o(. -substituent 10 
Increment for each /3-substituent 12 
Increment for each exocylic 
double bond 5 
Increment for each double bond 
extending conjugation 30 
Increment for / or S" substituent 18 
7\ max. =1iotal 
A notable exception to the above rule is found with o< /3-un-
saturated cyclopentanones, which show A max. about 10 mp. 
106 
smaller than the calculated value 
The application of ultraviolet spectroscopy in the study 
of the conformations has been discussed under "Stereochemistry 
of Cyclohexane Derivatives". 
15 
In the present s tud ies , u l t r a v i o l e t spectroscopy was used 
in proving the absence ofo^-phellandrene in the gingergrass o i l . 
The i den t i f i c a t i on of th© isopiperi tenone (probably admixed 
with piperitenone) was also pa r t ly based on i t s u l t r a v i o l e t 
spectrum. The u l t r a v i o l e t spectra of pur i f ied i s o l a t e s were 
a lso determined. (-)-Limonene (Pig .24) , ( - ) -c is-p-mentha- l (7)^ 
8-dien-2-ol (Fig.29) and (+ ) -pe r i l l y l alcohol (Fig. 34) , having 
no chromophoric group in the molecule, gave low-intens i ty • 
0' 
absorptions above 200 mp., which i s at variance withyfConnor 
and Goldbla t t ' s f indings . The puri ty of. these compounds 
was checked by th in - l ayer as well as gas- l iquid chromatography 
t o ensure tha t the absorptions are not due t o impur i t ies . 
Infrared spectroscopy 
Infrared absorption spectroscopy i s being employed to an 
111-113 @v€;r-increasing extent in solving s t ruc tu ra l problems . 
A la rge number of papers have reported i t s use in the f i e l d of 
114-128 
terpene chemistry . The-absorption is measured in the 
2-15 p. region , yielding a complex curve having several bands,; 
characteristic of groups in a molecule. Table III shows the 
frequencies of the principal stretching and bending vibrations 
characteristic of the more important groups encountered in 
123 
terpene cnemistry . The stretching vibrations constitute 
the periodic stretchings of the bond A-B along the bond axis; 
while bending (deformation! vibrations of the bond A-B are 
displacements occurring at right angles to the bond axis. 
16 
Table I I I . Group Absorpt ion F requenc ie s i n 
In f r a r ed Spec t ra 
XHature of v ibra t ionX p. 1 cm-i X ln tens i ty* Group s 
Alkanes 
-CH3 
-CH2-
G(CH3)2 
--<iGH2)4 
Alkenes 
non-conj,G=C 
conj.C=C 
CHR=CH2 
Cmi=GHR2(cis) 
Cmi=GHR2( t r a n s ) 
GP.-] Ro —CHo 
CR]_R2=CHR3 
Alcohols 
F ree OH 
Hvdrogen bonded OH 
a) i n t e r m o l e c u l a r 
dlmeric 
association 
polymeric 
association 
b) i n t r a m o l e c u l a r 
G-H Stretching 
G-H deformation 
C-H Stretching 
GH deformation 
C-H Stretching 
G-H deformation 
Skeletal 
Skeletal 
0=C s t re tch ing 
C=C s t re tch ing 
C=C s t re tch ing 
G-H s t re tch ing 
C-H deformation 
GH2 deformation 
overtone 
GH2 deformation 
G=C s t re tch ing 
G-H sti-etching 
C-H deformation 
C=C s t re tch ing 
G-H s t re tch ing 
C-H deformation 
C=G s t re tch ing 
C-H s t re tch ing 
C-H deformation 
GH2 deformation 
G=G s t re tch ing 
G-H s t re tch ing 
G-H deformation 
3.36- 3.39 2975-2950 
3.47- 3.50 2885-2860 
6.80- 6.97 1470-1435 
7.22- 7.30 1385-1370 
3.40- 3.45 2940-2915 
3.49- 3.52 2870-2845 
6.76- 6.94 1480-1440 
3.45- 3.47 2900-2880 
Ca.7.46 Ca.l340 
8 .51- 8.58 1175-1165 
8.55- 8.77 1170-1140 
11.90-12.66 840- 790 
13.33-13.89 750- 720 
5.95- 6.17 1680-1620 
6.02- 6.33 1660-1580 
6.08- 6.10 1645-1640 
3.29- 3.32 3040-3010 
3.23- 3.25 3095-3075 
10.05-10.15 995- 985 
10.93-11.05 915- 905 
5 .41- 5.56 1850-1800 
7.04- 7.09 1420-1410 
7.69- 7.75 1300-1290 
6 .01- 6.12 1665-1635 
3.29- 3.32 3040-3010 
7.04- 7.14 1420-1400 
13.70-15.04 730- 665 
5.97- 6.00 1675-1665 
3.29- 3.32 3040-3010 
10.20-10.42 980- 960 
7.63- 7.75 1310-1290 
6.02- 6.10 1660-1640 
3.23- 3.25 3095-3075 
11.17-11.30 895- 885 
7.04- 7.09 1420-1410 
5.97- 6.00 1675-1665 
3.29- 3,32 3040-3010 
11.76-12.66 850- 790 
m 
m 
m 
s 
m 
m 
m 
w(l .v . ) 
w( l .v . ) 
s 
s 
ra 
s 
V 
s 
V 
m 
m 
m 
s 
m 
w 
V 
V 
m 
¥ 
s -
V 
m 
s 
m 
V 
m 
s 
w 
V 
m 
m 
0-H s t r e t c h i n g 
0-H s t r e t c h i n g 
0-H s t r e t c h i n g 
0-H s t r e t c h i n g 
2 . 7 3 - 2 .79 3670-3580 
2 . 8 2 - 2 .90 3550-3450 
2 . 9 4 - 3.10 3400-3230 
2 . 7 9 - 2.92 3590-3420 s V 
17 
Groups Xlfature of v i b r a t i o n X U 
P r i m a r y a l c o h o l 
Secondary" a l c o h o l 
T e r t i a r y a l c o h o l 
K e t o n e s 
a c y c l i c 
-Glfe-GO-CIfe-
c< 5 p - u n s a t u r a t e d 
a c y c l i c o r ' 6 ' 
r i n g k e t o n e s 
' 6 ' r i n g k e t o n e s 
A l d e h y d e s 
S a t u r a t e d a l i p h a t i c 
a l d e h y d e s 
<< , / i - u n s a t u r a t e d 
a l d e h y d e s 
CHO 
C a r b o x y l i c a c i d s 
F r e e OH 
bonded OH 
a l l OH 
S a t u r a t e d a l i p h a t i c 
a c i d s 
c< J /^- -unsatura ted 
a c i d s 
E s t e r s 
S a t u r a t e d a l i p h a t i c 
e s t e r s 
cK , / 3 - u n s a t u r a t e d 
and a r y l e s t e r s 
f o r m a t e s 
a c e t a t e s 
E s t e r s of a r o m a t i c 
a c i d s 
C-0 
0-H 
c=o 
0=0 
G=0 
C=0 
0=0 
G~H 
G-H 
0-H 
0-H 
0~H 
c=^ o 
c=o 
G=0 
G=0 
C=0 
G=0 
0=0 
s t r e t c h i n g and 
i n p l a n e 
d e f o r m a t i o n s 
it II 
ij tt 
s t r e t c h i n g 
s t r e t c h i n g 
s t r e t c h i n g 
s t r e t c h i n g 
s t r e t c h i n g 
s t r e t c h i n g 
d e f o r m a t i o n 
s t r e t c h i n g 
s t r e t c h i n g 
d e f o r m a t i o n 
s t r e t c h i n g 
s t r e t c h i n g 
s t r e t c h i n g 
s t r e t c h i n g 
s t r e t c h i n g 
s t r e t c h i n g 
s t r e t c h i n g 
9 . 3 0 - : 
7 . 4 0 -
8 , 9 3 -
7 . 4 1 -
8 . 5 5 -
7 . 0 9 -
5 . 8 0 -
5 . 9 0 -
5 . 8 1 -
5 . 7 5 -
5 . 7 8 -
3 . 4 7 -
1 0 . 2 6 - : 
2 . 8 2 -
3 . 0 0 -
1 0 . 4 7 -
5 . 8 0 -
5 . 8 3 -
5 . 7 1 -
5 . 7 8 -
8 . 3 3 -
8 . 0 0 -
7 . 6 9 -
8 . 7 0 -
X 
LO.OO 
7 . 9 4 
9 . 7 1 
7 . 9 4 
9 . 0 9 
7 . 6 3 
5 .88 
6 . 0 2 
5 .88 
5 . 8 1 
5 . 9 3 
3 . 7 7 
1 2 . 8 2 
2 . 8 6 
4 . 0 0 
1 1 . 2 4 
5 .88 
5 . 9 5 
5 . 7 6 
5 . 8 3 
8 . 4 8 
8 . 1 3 
8 . 0 0 
9 . 0 9 
cm-1 X 
1075-1000 
1350-1260 
1120-1130 
1350-1260 
1170-1100 
1410-1310 
1725-1700 
1695-1660 
1720-1700 
1740-1720 
1 7 0 5 - 1 6 8 5 
2880-2650 
975-780 
3550-3500 
3300-2500 
9 5 6 - 890 
1725-1700 
1716-1680 
1 7 5 0 - 1 7 3 5 
1730-1715 
1200-1180 
1250-1230 
1300-1250 
1150-1100 
Intensity* 
sd.v.) 
sd.v.) 
sd.v.) 
s C l . v . ) 
sd.v.) 
sd.v.) 
s 
s 
s 
s 
s 
w-m 
v / ( l . v . ) 
m 
w(b road 
band) 
V 
s 
s 
s 
s 
s 
s 
s 
s 
* s = strong; m = medium; w = weak; l.v. = limited value for 
assignment purpose. 
The use of the infrared spectroscopy in the assignment of the 
conformations to certain groups has been discussed under "Stereo-
chemistry of Cyclohexane Derivatives". 
18 
Infrared spectroscopy was frequently used in the present 
s tud ies . For the known compounds, the infrared spectra of the 
i s o l a t e s weEB compared with those of the authent ic samples. In 
the case of the two new alcohols , v iz , (-)-cis-p-menthaTlsS-
dien-3-ol and (-)-cis.-2.-mentha-l(7) ,8 -d ien-2-o l , the assignraent 
of the s t ruc tures was based la rge ly on infrared spectra of 
these alcohols and t h e i r react ion products. 
STEREOCHEMISTRY OF 
CYCLOHEXANE SYSTEMS 
Configuration and Conformation 
Configuration is the arrangement in space of the atoms 
or groups around the dissymmetric or rigid part of a molecule. 
It is a theoretical concept related to molecular architecture 
which can be expressed hy a three-dimensional or projection 
formula, but is best understood with the help of atomic models, 
130 
The word conformation was first used by Haworth , 
and is used to denote those arrangements in space of atoms of a 
molecule which are free from angle strain (other than that 
imposed by valency requirements) and yet are not superimposable 
1-31 
on eacn other . Tnus all the molecules will have indefinite 
number of conformations. However, on thermodynamical considera-
tions only a limited number of the possible conformations are 
energetically preferred. Analysis of the physical properties 
and chemical behaviour of a molecule in terms of the geometry 
and population of various conformations in which it may exist 
132 
is knoL-m as conformational analysis 
Rotation Around a Single Bond 
The internal rotation around a single bond was originally 
considered to be completely free. Later, on the basis of 
thermodynamical considerations this rotation was found to be 
restricted to some extent because of barriers to free 
133-135 
rotation , The nature of these barriers can be understood 
vjith reference to the following examples. 
1. Ethane _. The simplest molecule for which one can discuss 
rotation around carbon-carbon single bond is ethane. Out of 
all possible conformations for ethane, the three with the 
20 
lowest energy content are illustrated below (IX. a, c & e) 
(Newmans pro;jections) . These conformations are equivalent 
to one @;iother and in these the hydrogen atoms are equidistant 
and are as far apart as possible (staggered). The repulsive 
forces between these are, therefore, at the minimum, and these 
conformations are energetically preferred. Bach conformation 
can be obtained by rotation of one methyl group through 120° with 
.. <h 0 o 
d. £$ = 180 ' 
H H 
b . J2$ = 60° 
e . id = 240^ 
c . £f = 120° 
HH 
f. 0 = 360 o 
IX. Rotational isomers of ethane 
respect to the other. In a rotation of this type, however, 
orientations 'b', 'd' and 'f (IX) arise, where all the 
hydrogen atoms are directly opposite each other and are 
'eclipsed'. Again these orientations are of equal energy 
but owing to repulsive interaction of hydrogen atons at this 
close distance, they are of higher energy than the staggered 
forms. Since in going from conformation 'a* to •e' ethane 
21 
raust pass through the eclipsed higher energy species, a barrier 
to free rotation exists and on account of the symmetry of the 
methyl group, this potential barrier has three equal maxima 
and minima. 
2. Butane ^ The internal rotation of a substituted ethane is 
not necessarily symmetrical and may have maxima and minima of 
different heights. Thus, in n-butane there are three 
conformations to consider; one with the methyl groups as far 
apart as possible in a zig-zag trans planar structure (X. a) 
and two conformations derived by rotation of approximately 
120° about the central bond in either direction (X. b & c). 
X. Rotational isomers of butane 
In 'b' and 'c', the methyl groups are closer than allowed by 
Yan der Waal's or kinetic theory radii. Accordingly, these 
two conformations called gauche or skew are of somewhat 
higher energy than the trans (staggered) form (X. a) . This 
137 
energy difference is found to be 0.8 Kcal. per mole , which, 
22 
however, i s too small to allow a long-l ived independence of a , 
conformer and hence the separation of these conformers has 
never been effected. 
The evidence of the existence of in t e rna l ro ta t ion isomers 
has fur ther been obtained through e lec t ron or X-ray d i f f r ac -
138-140 141 . ^ ^' ' .^ •,. 142 
t i o n , dipole^moment and Raman s p e c t r a ^ t u d i e s ^ on 
1 ,2 -d ich lo roe thane and v a r i o u s 253-d iha lobu tanes . I t ha s ' been 
sho'\'m. t h a t both s taggered ( t r a n s ) and skew conformers e x i s t 
wi th a predominance 'of the former. 
GYCLOHSXAI-S; COMPOUIDS ' 
The,energy c o n s i d e r a t i o n s d i scussed above a l s o apply t o 
143,144 
a l i e y c l i c compounds. The p o s t u l a t i o n s of Sachse and 
145,146 , , 
Mohr t h a t a l i e y c l i c r i n g s of more t han f i v e carbon atoms 
e x i s t in a non-p lanar s t r u c t u r e have been confirmed by the 
chemical and p h y s i c a l s t u d i e s . For cyclohexanes , only two 
forms, v i z . ' c h a i r ' or 'Z^form' (XI) and t h e ' b o a t ' or ' C form 
(XII) are t h e o r e t i c a l l y p o s s i b l e , where t h e t e t r a h e d r a l va lue 
e q u a t o r i a l 
a x i a l 
_^/^ boat equato-
r i a l 
boat a x i a l 
XI . Chair form XII . Boat form 
23 
of t h e carbon atoms i s r e t a i n e d and the r i n g s are wi thout s t r a i n . 
However, though the angle s t r a i n i s a b s e n t , t he r e p u l s i v e f o r c e s 
due t o non-bonded atoms are a c t i n g , and the se two conformations 
132 
147 t h u s d i f f e r i n energy con t en t . Turner has c a l c u l a t e d the 
energy d i f f e r ence of t h e two conformers, based on the P i t z e r ' s 
v a l u e s of skew i n t e r a c t i o n s in n-butane and the energy b a r r i e r 
t o r o t a t i o n through the e c l i p s e d form. This d i f f e r e n c e has been 
found t o be 5.6 Kcal . p e r mole in favour of t h e cha i r form. 
Another i n t e r a c t i o n in t h e boat form i s because of t h e f l a g - p o l e 
hydrogens at C-1 and C-4 ( X I I ) , which are c l o s e r t o g e t h e r t han 
any o the r tv/o hydrogens and so produce an a d d i t i o n a l s t e r i c 
r e p u l s i o n . o f about the same order as t h a t of e c l i p s e d hydrogens 
and t h u s t h e ener^^ content of the boat form i s 9.2 Kcal . more 
t han the c h a i r form. Evidence obta ined by Xrray c r y s t a l l o -
^ 148,149 150 _ 151*152 
graphy , i n f r a r e d and Kaman spectroscopy and 
163 
e l e c t r o n d i i f r a c t i o n a l s o e s t a b l i s h e s t h e g r e a t e r s t a b i l i t y 
of t he c h a i r form. This i s a l s o supported hy thermodynamic 
154,155 
c o n s i d e r a t i o n s , A tautome| . r ic equ i l i b r i um between the 
boat and the c h a i r forms is^ however, i n d i c a t e d on s p e c t r o s c o p i c 
155 
and thermodynamic c o n s i d e r a t i o n s . The p r o p o r t i o n of boat 
form, though small a t room t empera tu re , i n c r e a s e s r a p i d l y wi th 
i n c r e a s i n g t empera tu re . The independent ex i s t ence of t h e two 
isomers i s excluded as the energj'- b a r r i e r in c h a i r - b o a t - c h a i r 
i s of a low o rde r . A t h i r d conformation knox-m as t h e ' f l e x i b l e ' 
form (XIII) i n between t r u e c h a i r and boat forms has r e c e n t l y 
^^III. F l e x i b l e form 
24 
156-159 
been proposed t o exp la in c e r t a i n chemical r e a c t i o n s 
The evidence f o r the presence of the boat form i n cyclohexane 
160 
d e r i v a t i v e s has r e c e n t l y been reviewed 
The model of the c h a i r conformation of cyclohexane (711) 
shows t h a t out of tv/elve C-H bonds s i x l i e p a r a l l e l t o the 
t h r e e - f o l d symmetry a x i s of t he r i n g and are c a l l e d ' a x i a l ' or 
161 155 
simply ' a ' (^referred t o as £ or p o l a r bonds in e a r l i e r 
162,163 l i t e r a t u r e ^ •. The o the r s i x bonds, make an amgle of 
. 0 , 109 28 ' w i th the t r i g o n a l ax i s and are named as ' e q u a t o r i a l ' 
(e) bonds . In H a s s e l ' s n o t a t i o n they are denoted as 
162,163 k-bonds . 
163 
Hassel has suggested that the conversion of the carbon 
ring from one chair form to another can take place x-zithout the 
rupture of the chemical bonds but transforming each 'e' bond 
into 'a' and vice versa. Gyclohexajie as such does not undergo 
any change as a result of this ring conversion. A substituted 
cyclohexane, however, may exist in two steric forms or conforma-
tions, the substituent occupying either axial or equatorial 
position. 
Monocyclic Carbon Comioounds 
a,j Monosubstituted cyclohexajies 
For monosubstituted cyclohexane two conformations are 
possible. In the axial conformation (XIV. a), the substituent 
is closer to the two axial hydrogen a.toms on the same side on 
C-3 and C~5 ajid the 1,3 interactions (repulsive forces) act, 
whereas in the equatorially oriented conformation (XIV. b) 
these interactions are absent. In consequence, a substituent 
prefers to adopt an equatorial rather than an axial conforma-
25 
^. 153,155,163-167 ^, . , . .^ . . 
t i o n . This has Deen ver i f i ed experimentally. 
XIV. Monosubstituted cyclohexanes 
The preponderance of thermodynsjnically s tab ler equator ia l 
conformation, however, may be reduced at elevated temperatures 
168 
or during the course of chemical react ions 
hj Disubst i tuted cyclohexanes 
The 1,1-disi ibst i tuted cyclohexanes having th6 same 
subs t i tuents wi l l have only one conformation. With other 
pos i t iona l isomers, however, the number of separable conformers 
increases . In a d i subs t i tu ted cyclohexane (3g. H-|_Q3C2, the c i s -
1 ^ 2 , t r a n s - l , 3 and cis-l,y4 isomers have one axial and one 
equator ia l 'X' group, whereas in t r a n s - 1 , 2 , c i s -1 ,3 and t r a n s -
1,4 Isomers both subs t i tuents may be e i t he r equator ia l or ax ia l . 
From the energy considerat ions, the d iequa tor ia l ra ther than 
169,170 
diaxlal conformation should be more stable . In general, 
sterically more stable chair form is the one in which the 
substituents of high steric requirement occupy equatorial position 
171 
and those of low s t e r i c requirement occupy axial pos i t ions 
26 
172-177 
This has been proved experimentally 
Optical a c t i v i t y in d isubst i tu ted, cyclohexanes 
In trans~l5 2-dimethylcyclohexazies (XV) both the chair 
forms (obtained by interconversion) are dissymmetric and possess 
XTV. 1,2-trans-Dimethyl cyclohexane 
a non- ident ica l mirror image which represents the enantiomer. 
Therefore, trans-l ,2-dimethylcyclohexane i s capable of reso lu t ion 
in to a (+) and (-) form. 
Since in cis~l,2-dimethyIcyclohexajie (XVI) both the chair 
forms are equally s t ab le , half of the molecules exis t in one 
form and the res t in the other . I t may be noted tha t the molecule 
XVI. 1,2-cis-DimethylGyclohexane 
27 
has no element of symraetry and thus , at f i r s t s ight , might be 
capable of op t ica l a c t i v i t y . However, the two conformational 
isomers are also mirror images. Since the two conformers are 
present in equal quant i ty , cis-l ,2-dimethylcyclohexane e x i s t s 
as a dl p a i r . Due to very low po ten t i a l ba r r i e r to allow 
separat ion, the dl pa i r i s , however, inseparable . 
^^ t r a n s - 1 , 3 -dimethylcyclohexane (3CVII) one subst i tuent 
i s always equator ia l and other ax ia l . The molecule does not have 
]CVII. trans-l.,3-Dimethylcyclohexane 
a plane of symmetry and, unlike the case of the c i s -1 ,2 compound, 
f l ipp ing of the ring converts the molecule t o a superimposable 
form of the or ig ina l molecule and not to i t s enantiomer. Thus. 
in t h i s case, the (+) and (-) forms are capable of d i sc re te 
exis tence , and trans-l ,3-dimethylcyclohexane i s a resolvable 
178 
molecule 
All other disubsti tuted. cyclohexanes, l i k e £ i s - l , 3 , and 
c i s - and t£ans-l,4-dimethylcyclohexanes have a plane of symmetry 
and are , there fore , i nac t ive . In a c i s~ l ,2 compound where the 
subs t i tuents are d i f f e ren t , the in terconver t ib le conformations 
28 
represent only one optical antipode, and the optical isomerism 
is possible, 
01CL0ESMM2, PaRIVATr/aS 
Cyclohexene, like cyclohexane, can exist in two conforma-
tions which closely resemble the chair (Mill) and boat (XIX) 
forms. Both these conformations satisfy the geometrical require-
ment that the four carbon a.toms associated with the olefinic 
179 
system lie in the same plane. Becket et. al have calculated 
the energy of these systems and have shoxra that the boat-like 
conformation has a higher energy of 2.7 Kcal. per mole than the 
180 
cha i r - l ike conformation. The X-ray data on choles teryl iodide , 
181 • 182 
pentachJ.orocyclohexene and naphthalene t e t r ach lo r ide support 
XVIII. Chair form XIX. Boat form 
such a conformation. The extension of the equatorial and axial 
concepts to this and related systems has been suggested and 
183 
their utility discussed by Barton et al 
CYCLOHaXANODES 
The conversion of one of the carbon atoms of a cyclohexane 
ring to a carbonyl carbon atom appears to have little effect on 
29 
the overal l shape of the r ing system and conformations analogous 
to chair and a boat are poss ib le . Since the usual non-bonded 
atom in te rac t ions are s t i l l p resent , a cyclohexanone should best 
be represented as ex i s t ing In a chair conformation (XX), However, 
XX. Cyclohexanone as -. ^viewed down the C-C bond 
because of the different geometrical requirements of the carbonyl 
bonded systems, the usual staggered arrangement of a l l atoms 
bonded to carbon in a chair conformation i s changed. I'lhereas the 
bonds on the five metliylene carbons remain staggered., the oxygen 
of the carbonyl system i s arranged in an opposed configuration 
with respect to two adjacent equator ial bonds. This des t ruc t ion 
of t he ' cha i r conformation about the carbonyl centre thus requires 
the carbonyl oxygen bond to l i e at d i f ferent distances from the 
adjacent equator ia l and axia l bonds. In Gyclohexan-l,4-dione 
the in t e rac t ions are s t i l l fur ther modified and the dipole 
moment i s compatible with the presence of about 10 per cent of 
the boat conformation' 184 On the basis of the optical rotatory 
30 
s. .• ^ . , 185,186 187 
d i s p e r s i o n s t u d i e s of cyclohexaxiones and of deca lones , 
a ' t w i s t ' form (>CCI) has been suggested for such carbonyl 
compounds as a p o s s i b l e exp lana t ion of some abnormal, ampl i tudes 
found in t h e i r r o t a t o r y d i s p e r s i o n cu rves . 
J2CI, Twist form 
31 
METHODS FOR THE DIDT-SRMINATlOIf OF CONFORMATION 
The concept of conformational analysis has been used 
not only to evaluate the energy content and the relative stability 
of the conf ormers, but also to' predict the course and the products 
as also the preferences and the geometrical requirements of the 
transition states of the reactions (usually co-linearity and 
Go-planarity of participating centres). The knowledge of the 
conformation of a. molecule gives additional information regarding 
its physical and chemical properties. 
A number of exhaustive reviews on the above subject have 
131,136,168,188-191 
appeared ? ? '. ^ j^^ g uniformity of results has led 
to the formation of some general rules to assign the conformations 
to the molecules. For this purpose, two types of methods are 
available, (A) physical and (B) chemical and in general, these 
are based on the concept that the cyclohexane ring exists in 
its chair form. The rules are particularly applicable to the 
cyclohexane rings in polycyclic compounds—steroids and tri-
terpenoids, because of the rigidity of these systems. 
Physical, Methods 
i) Auwers-Skita rule 
192-197 
The Auwers-Skita rule is often applied for the 
assignment of configuration to disubstituted cyclohexanes. 
194 192 
Skita clearly defined the rule first put forward by Auwers 
as follows: "with cis, trgjis isomeric hydroaromatic, compounds, 
the cis isomer differs from the trans isomer by its higher 
density, its higher refractive index and its lower molecular 
198 
refract ivi ty" . liuekel v/as probably the f i r s t to add boiling 
32 
point as a criterion in the sense that the higher density, 
higher refractive index and lower molecular refractivity are 
attended with a higher boiling point. .Thlg forms the basis 
1 9 9 i ; : '• ' '• • '• 
of extended iuwers-Skita rule , Though 'many isomeric 
pairs were shown to obey the extended rule, the undesirability 
of the inclusion of boiling point became apparent by the • •• 
200-202 
results reported by Kazanskii et. al. , who showed that 
in stereoisomeric 1,4-diisopropylcyclohexanes and l,4~di-tert«' 
butylcyclohexanes, the cis isomershad a lower boiling point 
than the trans isomers.'"* 
The applicability of the Auwers-Skita rule for the 
203 ' "'204 
1,2- and 1,4-derivatives of cyclohexane is almost 
* in ' ''; 
un iversa l . However,^th^ case of 1 ,3-der iva t ives , many excep-
187,193,205 - 206 
t ions to the rule were observed . Rosini and P i t ze r 
by the r e s u l t s of thermodynejDical inves t iga t ions and s t a t i s t i c a l 
ca lcu la t ions concerning the conformations observed that the 
Auwers-Skita rule does not apply in the case of 1,3-dimethyl-
cyclohexanes. 
This discrepancy could easi ly be accounted for if one 
considered the fac't that the lower density and re f rac t ive index 
are the manifestations of lower energy content and would thus 
be possessed by the isomer which would be the thermodynamieally 
more s t ab l e , i r respec t ive of the fact tha t i t miay e i t he r be 
c i s or t r a n s . In the case of the cyclohexane der iva t ives i t 
i s obvious from considerat ions explained e a r l i e r tha t the 
t r ans -1 ,2 and 1,4 isomers w i l l be thermodynamieally more s t ab le , 
than the c i s isomei^ because in 1,2 and 1^4-trans isomers, both 
33 
172-17 
the subs t i tuents p re fe ren t i a l ly occupy the equator ia l pos i t ion 
whereas in the case of ci_s isomers, one of the subs t i tuents occupi€ 
the equator ia l and the other axia l pos i t ion . In 1 ,3-d isubs t i tu ted 
cyclohexanes, the c is form has the lower energy content and 
172 173 
therefore i s more stable ' . I t i s , therefore , to be expected 
tha t the Auwers-Skita rule should be va l id for 1,2 and 1,4 isomers 
and not for 1,3 isomers. Later inves t iga tors applied t h i s 
fundamental, concept to other d isubs t i tu ted cyclohexanes 
211 
Allinger modified his earlier concepts and put forward 
the 'conformational rule'. It said, "for stereoisomers in cyclic 
systems which do not differ in dipole moment, the isomer t^ hich 
has the smaller molecular volume is the isomer which has the 
212 
higher heat content" . This rule has been found to be 
inapplicable when the boiling points of the isomers are taken 
200-202,213-218 • ' , 199 
into consideration , and led van Bekkum et, al. 
to restate the conformational rule.thlis; "with cyclic stereo-
isomers which, do not differ in dipole moment, the' isomer, with 
the higher density and the higher refractive index is that which 
has the higher heat content". The exclusion of molecular 
refractivity has been considered to be of no disadvantage. An 
Isomer Sequence Rule has also been postulated by the same authors 
which statess "with cyclic stereoisomers in which the substituents 
are bound to configurationally identical ring systems, the isomer 
with the higher density and the higher refractive index is that 
199 
which has the higher heat content" . The underlined words are 
intended to keep especially the cis and trans isomeric higher 
cycloalkenes out of the rule. This rule has been put forward on 
a tentative basis, and is of a limited scope where bicyclic and ' 
34 
polycyclic systems are concerned. This actually amounts to a 
reversion to the original Auwers-Skita rule, but in a modernised 
and,extended form; in this respect, it is related to the v/ork 
219 
of Kelly. who has put forxi^ ard the following rule on the basis 
of his studies on substituted cyclohexanes and pyra,nosides5 
"for isomeric cyclohexanes and tetrahydropyrane derivatives 
similarly substituted on corresponding ring carbon atoms, the 
refractive indices and densities increase with increasing 
number of axial substltuents", Alternatively, "the conforma-
tional stabilities of such isomers bear an inverse relationship 
to their refractive indices and densities". It appears, hov/ever, 
that if this rule is followed, the physical properties of the 
isomers in the pairs (a) menthol and neomenthol and (b) iso-
menthol and neqispmenthol, should be interchanged. Similarly, 
the density of isocarvomenthol is also higher than that of 
neolsocarvomenthol. As a whole, density is a more suitable 
217 
criterion to assign conformations than the refractive index 
ii) Infrared spectra 
Infrared spectroscopy has been used in solving the 
conformational problems as also to determine the ratio of the 
220-222 
conformers in a mixture "" '""'. In general, equatorial substi--
tuents show typical infrared absorption at higher frequencies 
(shorter wavelength) than axial substituents. The correlations 
for these equatorial and axial substituents have been summarised 
in Table IV. 
o*f 
Table IV. Infrared Absorption Bands due to C-S 
Stretching for Substituent X in 
Equatorial and Axial Positions in 
Gy clohexane s-^ ®*^ ' ^ '^^ . 
Substituent Equatorial C-X Axial C-X 
X citt"! ^ cm"l 
**0H^^'*"^^^ 1037 - 1044 996 - 1036 
OAc* 1013 •- 1022 1025 - 1031 
997 
OMe'''^' 1100 - 1104 1086 - 1090 
Gl 736 - 856 646 - 730 
Br 682 - 833 542 ~ 692 
D^2^ 2155 - 2162 2114 - 2138 
2171 - 2177 2139 - 2164 
** The rule does not always hold good in the 
case of terpene alcohols or simple-
alkylcyclohexanolsl88. 
^ Only substituent of those studied having a 
higher absorption frequency when in axial 
position, 
229 
Jones and collaborators "" have shown that introduction of 
an equg,torial o^-halogen atom into a cyclohexanone increases the 
carbonyl stretching frequency by about 20 cm" , whereas an axial 
cK-halogen atom scarcely affects the frequency. 
iii) Ultraviolet spectra 
The ultraviolet spectra are often of Use in assigning the 
conformation to the o<-substituted cyclohexanones. An equatorial 
-X-halogen atom shifts the weak absorption band which occurs in 
all saturated ketones at about 280 mp. to slightly shorter 
wavelength, while an axial o<-halogen atom produces a marked shift 
to longer wavelengths with a three- or four-fold increase in 
230 intensity . Rather similar behaviour is shown by o<-hydroxy 
231 
and o< -acetoxy ketones e The approximate sh i f t in wavelength 
190 
of the weak band caused by o<-substitution is given in Table V 
36 
Shift 
AA e 
- 7 
- 5 
- 1 2 
- 5 
(rau) 
a 
+22 
+28 
•M7 
+10 
Table V, S h i f t s in Wavelength of U l t r a v i o l e t 
Absorption Maximum of Sa tu ra t ed 
Ketones Produced by c< - s u b s t i t u e n t s 
o (~Subs t i tuen t 
CI 
Br 
OH 
^ . 231,232 
( iv) I'luclear magnetic resonance s p e c t r a 
The use of nuc lea r magnetic resonance s p e c t r a i n t h e 
study of t h e conformations of six-membered c y c l i c compounds i s 
-, .. • . ^233-236 ^ , 
r e l a t i v e l y recen t . I t has proved t o be a v a l u a b l e t o o l 
i n c a r r y i n g out t he conformational s t u d i e s , because of t h e 
d i f f e r e n c e of the f i e l d of resonance of an a x i a l or an e q u a t o r i a l 
236-246 
p ro ton . The width of the resonance abso rp t ion peak due 
t o r i n g p ro tons has always been found t o be g r e a t e r f o r d i -
236 
equatorial than axial-equatorial conformers ; also, the 
equatorial proton resonates at a higher field than the axial one. 
(v) Dissociation constants 
Cis and trans 1,2-dicarboxylic acids shov/ a large 
difference in ApKa, the difference in the pKa's of the first 
247 248 
and the second dissociation constants ' . The smaller ApKa 
value for the trans 1,2-acid is due to the greater separation 
between the integral charges in the dianion, x^ rhich adopts, 
because of electrostatic repulsion, the diaxial rather than the 
diequatorial conformation. In cis-1,2 acid the charges are at 
the same distance as in diequatorial trans form. In 1,3-diacids, 
37 
the trans acid has larger vaJLue, as the negative charges are 
closer in the trans than in the cis acid. The trans acid is 
,249 , 
bee 
_250,251 
216 found to be stronger ' because its anion being equatorial 
is more readily solvated 
vi) Dipole moment 
It is shown that the dipole moment for 1,2 disubstituted 
cyclohexanes is higher for the cis isomer than trans. The 
moment for the diaxial conformer is assumed to be zero and it 
appears that the lower value for the trans isomer may be because 
of the diaxial Isomer in the trans conformation due to the 
dipole repulsions. The dipole moments of cis and trans 1,2-
dibromocyclohexanes were found to be 3.12 D and 2.11 D 
^. • 252 
respectively 
vii) Adsorption and partition 
A compound with an equatorial polar group is, in general, 
more strongly adsorbed on a chromatographic column than its 
131,168,171,253,254 ,, ^. , x. 
epimer , However, exceptions have been 
255 
noted , perhaps because surface forces may compel adsorbed 
molecules to adopt conformations that are not preferred in 
solution. The rule is best obeyed, as expected, in partition 
256 
chromatography, where Savard obsei^ed that axial steroidal 
alcohols travel faster on paper than their equatorial epimers. 
It can, however, be noted that the number of cases where 
conformational analysis can be based only on physical methods 
is not large. Conformational analysis based on chemical methods 
then comes into the picture. It is partly based on thermodynamic 
considerations in which the equilibrium between stereoisomers 
is considered and partly on the kinetic data, in which the 
38 
reaction velocities are taken into account. The latter are 
not so direct because the relationships betv/een the molecular 
structure and reaction velocity can he very complicated and 
do not, therefore, lend themselves to unequivocal interpreta-
tion. However, the folloX'J'ing chemical reactions are of fairly 
general applicability in assigning the conformations to 
various isomers. 
Che mi c 8.1 j4etho_ds_ 
i) Stability 
As already stated, in cyclohexanes, at a given carbon atom 
an equatorial substltuent is more stable than an axial substi-
131,168 
tuent , and on equilibration the isomer with the equatorial 
^ ^.^ ^ . „ 153,155,163-167 
substltuent is lavcured . 
ii) Esterification and hydrolysis 
Since at a given secondary carbon atom in a cyclohexane 
system, steric compression of an equatorial hydroxyl group is 
less than that of an axial one, the equatorial hydroxyl groups 
could be expected to be more easily esterified and similarly, 
the resulting esters more readily hydrolysed. This expectation 
^ -,. .^ . - ^- . ^131,168,257,258 has been fully verified by experiment . Thus 
(+)-neomenthol with an axial hydroxyl group is esterified much 
, ^ 259-262 
l e s s readi ly than (-)-menthol with equator ia l hydroxyl group 
Also, the equator ia l methoxycarbonyl group (CHgO-C— ) i s 
reported to hydrolyse at l e a s t seventeen times f a s t e r than the 
263 
axial metiioxycarbonyl group . Similarly, high rates of 
hydrolysis have been observed for equatorial acetates than axial 
264 
ones . It is, however, not clear whether the effect is due 
purely to steric compression or is partly due to a specific 
interaction also. 
39 
, i i i) Solvolysis 
111 general, the axial substltuents are reported to have 
170.265 168 
higher rates of solvolysis . Barton has regarded i t 
as an ionic eliiuination reaction of Ei type for which the ' • 
concerned centres should be in one plane. The higher rate of 
S'^l solvolysis of neomenthyl chloride relative to menthyl 
chloride i l lustrates the point as the neomenthyl chloride 
266 267 
has an axial chlorine atom ' . A deviation from the general 
268 
rule was noted by i\"oyce e_t al. in the solvolysis rates of 
cis- and trans-4-chloro- ^ 4-bromo- and 4-C5jnaohexyl tosylates, 
where equatorial tosylates were found to have higher rates of 
solvolysis. The results have been ascribed to (a) the inter-
action of the two dipoles in the general state of the substrate 
resulting in a striking increase in the proportion of the 
269 
axial-axial conformer present in the trans isomer ; and 
(b) the influence of the geometrical position of the dipole of 
the substituent group in relation to the developing changes in 
transition state. 
iv) Oxidation of secondary alcohols 
It has been shown that a secondary hydroxyl group in the 
axial conformation is oxidised more readily by chromic or hypo-
270 271 
bromous acids ' . This could be explained if the rate-
controlling step is not the formation of the corresponding 
chromate or bypobromite but an attack of some nucleophilic 
131,168 
species on the hydrogen atom after the ester has been formed 
272-275 
Westheimer et_ al. have shown that this indeed is the 
case for some chromic acid oxidations. Recently, chromic acid 
oxidation has been shown to be subject to steric acceleration; 
t ha t i s , the more hindered the alcohol , the greater i s the 
re lease of compression energy in the t r a n s i t i o n s t a te and the 
- ^ ^^ , 4-- 276,277 
f a s t e r the react ion ' 
v) Reduction of ketones 
a) Catalytic reductions 
194 
The classical Skita's rule states that the catalytic 
hydrogenation in an acid medium gives a cis alcohol, while in 
a neutral medium a trans alcohol is obtained. 
131 
Barton restated the above rule as follows: "catalytic 
hydrogenation of both hindered and unhindered ketone groups in 
strongly acid media (rapid hydrogenation) affords the polar 
(axial) alcohols. Similar reduction in neutral media (slow 
hydrogenation) gives the equatorial alcohol if the ketone group 
is not hindered, the polar (axial) if it is greatly hindered". 
278 
Huckel has made a thorough review of the reported results 
of the reduction of ketones and has observed that in catalytic 
194 hydrogenation, Skita's rule is not followed in the case of 
279 131 
3-subs t i tu ted cyclohexanones . . Bar ton 's modification , 
however, holds good throughout. On c a t a l y t i c reduction, 
2~methylcyclohexanone gives a 66:35 mixture of c is and t rans 
a lcohols , while 3~methylcyclohexanone gives a 1:2 mixture of 
/ 278 
cis/ t reals alcohols 
b) Chemical reduction 
With sodium and alcohol 
The reduction of ketones with sodium and alcohol gives 
t r ans alcohols in a l l the cases except in 3~substi tuted cyclo-
278 5 280 131 
hexanones . Barton stated that in alkaline reductions, 
the alcohols are formed approximately in the same proportion as 
they exist in an equilibrium mixture. Since a substituent is 
131,168 
thermodynamically more s table in the equator ia l pos i t ion , 
the soiiium-alcohol reduction' can be expected to y ie ld predomi-
203,281-283 
nantly equator ia l alcohols . Thus, 2-methylcyclo-
hexanone on such reduction gives a mixture of alcohols containing 
214 284-287 
72-99 per cent of the t r ans (equatorial hydroxyl) isomer ' 
Vjith 4-isopropylcyclohexajione a l so , the t rans isomer i s 
288,289 
predominantly formed . On the other hand, with S-metlf^ l^-
cyclohexanone 78 per cent of the cis alo-jshol (e hydroxyl) is 
obtained. 
The reduction of menthone and isomenthone with sodium 
in aqueous ammonia also gives predominantly the isomer with 
290 
equator ia l -hydroxyl group 
With aluminium isopropoxide 
The reductions of ketones v/ith alujninium isopropoxide 
291 292 
generally yield more of the axial isomer ' . It is found 
that the ratio of.the cis and trans alcohols in the reaction 
product- is the same as obtained in the case of catalytic 
1 - .- • ,^ .. -^ 278 . 131 
hyarogsnation m the acid medium . According to Barton , 
aluminium isopropoxide reduction of ketones gives axial alcohols 
more than by,any other method and sterically hindered ketones 
27? 
are not reduced by this reagent. The rule with a few exceptions 
has been found to be valid. The composition of cis and trans 
alcohols changes on using distilled or undistilled aluminium 
isopropoxide, probably because of a secondary partial 
278 
isomerisat ion 
With l i thium aluminium hydride 
Generally, alcohols with equator ia l hydroxyl group 280,293,294 preponderate in the reduction product of a ket ne . . . 
131 
According to Barton , lithium aluminium hydride reductions 
of unhindered ketones give more of equatorial alcohols, x-zhile 
with hindered ketones more of axial alcohols are obtained. 
These reductions are, hoviever, not necessarily stereospecific, 
even taking into s.CGouri.t Barton' s differentiation betv/een 
278 
hindered and unhindered ketones . The source or method of 
preparation of lithium aluminium hydride and to some extent the 
temperature influence the steric course of the reduction. The 
presence of aluminium chloride in the catalyst can cause 
isomerisation also 
Vfith sodium borohydride 
Reductions of ketones with sodium borohydride are also 
280,294-296 
known t o give more of the thormodynamidally s t a b l e r a l coho l 
^ 1 3 1 
Barton has t r e a t e d these r educ t ions on pa r wi th those by 
l i t h i u m aluminiUTii b^''dride. 
297 
Dauben, Forken and Joyce on the basis of their studies 
on the reduction of 2- and 4™methyl hexanones with lithium 
aluminium hydride, sodium borohiydride and alum.inium isopropoxdde 
proposed tw^ o prerequisites to explain the reaction: (a) the 
ease of formation of the initial metal-organic complex (steric 
approach control) and (b) the relative energetics of the 
formation of the products once the complex is formed (product 
development control). If both the factors work in the same 
direction the reaction is stereospecific. If these factors 
oppose each other, the reaction is less stereospecific. 
Another hypothesis, based on the available data on the 
stereochemistry of nucleophllic additions to the carbonyl group 
280 
in cyclic ketones put forward by Kamernitzky and Akhrem is 
as follows! "the spatis.1 direction of sucleophilic addition 
reactions depends on tv/o factors - polar orientation and steric 
hindrance". Thus, an increase in the number and dimensions of 
the axial substituents in the meta position to the keto groups 
will cause a regular increase in the amount of isomer formed. 
280 
by the equatorial introduction of the substituent . 
The sodimii and alcohol reduction of oximes is also 
known to give the equatorial amines, and the catalytic hydro-
genation of oximes is dependent on the rate of hydrogenation 
131 
and the degree of hindrance of the ketone group 
vi) Ionic eliminations 
The transition state of an S2 reaction requires that 
the four centres concerned in the reaction should be co-
131,168,257,298-303 
planar , In cyclohexane systems this 
condition is fulfilled when 1,2-trans substituents assume the 
axial conformation (or are free to adopt such a conformation), 
Thus, the reaction of neomenthyl chJ.oride with sodium ethoxide 
is reported to give 3~ and 2-me^ thenes in 3:1 ratio, wherea.s 
304 305 
menthyl chloride gives only 2-menthene " ' . In neomenthyl 
ch lor ide , chlorine i s axia l and can eliminate axia l hiydrogen 
atoms at C-2 and C-3, thus resu l t ing in the formation of both 
3- and 2-menthenes. The equator ia l chlorine group in menthyl 
chloride can, however, eliminate an equator ia l hydrogen atom 
which i s avai lable at C-2 alone and so gave only 2-menthene. 
Both these el iminating groups, chlorine at C-3 and hydrogen 
at G-2 can assume a d iaxia l conformation on the interconversion 
of one chair form to the other and thus the requirements for 
306-308 
Bo react ion are met. However, Bordwell and his colleagues 
have shoxvn that el iminations of a c i s ra ther than t r ans 
hydrogen may take . place when the former i s made suf f ic ien t ly 
ac id ic by a strong e lec t ron a t t r a c t i n g group. Thus, t r a n s - 2 -
toluene-p.-sulphonylcyclohexyl-toluene-2.-sulphonate (}DCII) 
undergoes second order base induced el imination of to luene-^- . 
sulphonate ion, to give the cyclohexene (XKIll) r a ther than 
XXI37/. The cis isomer, never the less , s t i l l reac ts more rapidly 
CyH^SO^ 
TSO 
C^H^SO 
XXII XXIII XXIV 
(W t r a n s el imi^iat ion and presumably through the dia .xia l conforms 
t i o n ) than the t r a n s isomer, t o give t h e same p roduc t , 
v i i ) Pyrolyt ic el iminations 
The formation of an olef in by pyrolys is of an e s t e r has 
been shown to proceed p re fe ren t i a l ly via a planar cycl ic t r a n s i -
qr)q_oi i 3 1 2 
t i o n state"^^^ "^ "^ -^  (XiCV) (concerted mechanism*) . This 
s-—c \ 
XXV 
S-CH3 
concerted mechanism i s one in which only one t r a n s i t i o n 
s t a te separates reac tan ts and Ijroducts, a l l bond-making 
and breaking processes occurring simultaneously. 
45 
condition requires that the groups of a cyclic compoujid to be 
eliminated be in an equatorial-axial arrangement. This 
arrangement can readily achieve coplanarity, requiring only a 
slight distortion of the ring from a true chair form. On the 
other hand, to achieve coplanarity an equatorial-equatorial 
trans system requires distortion of the chair conformation in 
such a manner as to increase the axial-axial interactions 
between other atoms in the molecule. Such an increased energy 
requirement tends to inhibit the trans elimination. For 
example, menthyl xanthate gives predominantly 3-menthene, 
304 
while neqmenthyl xanthate gives predominantly 2-menthene 
Menthyl xanthate v;ith equator ia l xanthate group, according t o 
the general p r inc ip le (c is elimination) , can take hydrogen atoms 
both at C-2 and C~4, and since the el iminat ions are generally 
d i rec ted towards the more subst i tu ted carbon atom, p re f e r en t i a l l y 
y i e ld s 3-menthene. In the case of neomenthyl xanthate (a 
xan tha te ) . however, the el imination can take place only with 
the equator ia l h4^drogen atom at C-2 and thus r e s u l t s in pre -
ponderance of 2-menthene. Other studies also report the same 
309 313-320 
gene,ral stereochem^ ical course for the pyrolytic eliminatioAs 
However, no stereospecificlty of the reaction is observed in 
pyrolysis of cis- and t_rans-2-methylcyclohexyl-s-methyl 
321 
xanthate . This has been attributed to the differences ii 
preferred conformations. Similarly, the stereospecifity of 
the reaction in the case of 152-diphenyl-l-propylphenylsulp} 
319 
has been shown to be lost at higher temperatures 
46 
viii) Rearrangement reactions 
In most rearrangements the participating groups are trans 
with respect to one another and the steric requirement for 
facile rearrangement is that the centres involved be in a 
131;,16S,2S7 , 
plane (]v.vVI)'. For rearrangement reactions of the 
riematkin type, or related reactions in which the ring carbon 
131 
atoms are not (formally) involved , reaction proceeds most 
readily, if the groups v/hich are eliminated or migrate are in 
XXVI 
. ^ ^ 322-325 
a x i a l conformations 
For rearrangement r e a c t i o n s in a cyclohexane r i n g system 
i n which a change in the number of r i n g carbon atoms i s 
involved , t h e r e a c t i o n proceeds wi th g rea te r , f a c i l i t y (and of ten 
e x c l u s i v e l y ) when the group e l imina ted pos se s se s an e q u a t o r i a l 
o r i e n t a t i o n , fo r only then are the r e q u i s i t e 1,2-bonds cop lanar 
and a n t i p a r e l l e l . The enhanced r e a c t i v i t y of i soborny l compounds 
131,168,326-331 
r e l a t i v e t o bornyl compounds i l l u s t r a t e s t h i s po in t 
ix) Bydrogenation of double bonds 
The hydrogenat ion of the e t h y l e n i c double bond has been 
332-336 
reviewed e x t e n s i v e l y " . Ion ic a l k a l i r educ t ion of t h e 
carbon-carbon double bonds i s r epor t ed t o give the p r o d u c t s i n 
t h e e q u i l i b r i u m r a t i o s i n which the thermodynamically s t a b l e 
333 
compounds predominate . In c a t a l y t i c hydrogenat ion t h e 
. 4 7 
addition of hydrogen is known to be cis and is independent of 
332.333,337 
t h e thermodynamical s t a b i l i t y of the product . The 
r e s u l t s of t he c a t a l y t i c hydrogenat ion may be r a t i o n a l i s e d on 
338 
the basis of a mechanism originally suggested by Polanyi : 
(1) Hg + Catalyst , 2H (hydrogen adsorbed on 
I c a t a l y s t ) 
(2) > C = : C < + Ca ta ly s t ,, \ c c C 
-^1 I 
(3) >C — C < -f H ; ^ ? ~ ~ f " 
* + • * H i 
(4) > C — C < 4= H T > C — C < 
H * * H n 
The o l e f i n i s anchored on the c a t a l y s t from the l e a s t 
h indered s ide of t h e molecule and the hydrogen i s added on the 
332 337 339 
same side ' ' '^ "-" , The reaction is presumed to be stepwise 
and the addition of hydrogen is cis as long as steps (2) and (3) 
are not appreciably reversible . Howeverj it is found that 
the reaction is not completely cis but a trans addition of the 
336 
hydrogen may also take place . The ratio of isomers depends 
337 
on the r e a c t i o n cond i t ions l i k e tempera ture and the p r e s s u r e 
of hydrogen " ' , The hydrogenation. of 1 j2-dimethylGyGlo-
, 340 ^ X. r^  -, ^ • -, • 343 -, ... . , - . . 
hexene and of 9 ,10-oci :a l in over p la t inum m a c e t i c ac id 
g ives app rec i ab l e amounts of the t r a n s p roduc t . In the case of 
l ,2 -d imethy lcyc lohexene5 the amount of t rans , hydrogenat ion f a l l s 
. . . 48 
from about 18 per cent at one atmosphere to 5. per cent at 300 
atmospheres. Similarly, the presence of traces of alkali in 
nickel and platinum catalysts is likely to bring about isomeri-
337 
sation at elevated temperatures 
Certain palladium catalysts have been shown to produce 
substantip^ l amounts of trans ethylene in the catalytic partial 
344 
reduction of several acetylenic hydrocarbons . Extensive 
isomerisatlon has also been observed in the case of the hydro-
3^ 0 345 
genation of cycloalkenes with palladium catalysts "^  ' , and 
trans hydrogenation, therefore, predominates to the extent of 
341 
3 J 1 . i^vidence has been p resen ted t h a t t h e format ion of the 
t r a n s a d d i t i o n product invo lves r e v e r s a l of t h e h a l f - h y d r o -
genated i n t e r m e d i a t e formed in s tep (3) above t o an adsorbed 
form of 2,3~dim.ethylc5^clohexene which i s then desorbed by 
r e v e r s a l of s tep (2) and subsequent ly re -adsorbed in such a way 
as t o give a mixture of c i s - and t r a n s - l , 2 - d i m e t h 7 l c y c l o h e x a n e 
340 
upon hydrogenat ion 
x) Miscel laneous r e a c t i o n s . 
I t has been shoim. t h a t when an a l i c y c l i c amine of 
e q u a t o r i a l conformation i s deaminated wi th n i t r o u s a c i d , the 
r e s u l t i n g a l coho l i s of e q u a t o r i a l conformation, whereas when 
t h e amino group i s a x i a l , alkene format ion t o g e t h e r w i th a 
mixture of a l coho l s wi th e q u a t o r i a l epimer predomanating 
, , , 346-354 
t akes p l ace 
•ihen an oxide r i n g i s opened, t he product has both the 
carbon-^droxyl and the newly formed carbon-addend bonds in 
3 2 2 , 3 5 5 T - 3 5 7 
a x i a l p o s i t i o n s . The expected f a s t e r r i n g c lo su re 
.358 
of diaxial halohydrins has been observed 
^ 9 
The e l ec t roph i l i c addit ions to a double bond are shown 
to proceed in the diaxia l manner in systems where conformations 
190 253 
are unambiguous ' . x^ 'or example, bromine adds to cholest-
2-ene (SCVII) t o give mainly the d iaxia l 21^, 3^-dibroraocho-
les tane . OSIX) presumably through the 2o ,^ 3c<-bromoniuin 
;07/II. Gholest-2-ene XXVIII. XXIX. 
ion (IDD/'III) , Similarly, addition of hydrogen bromide to 
ethylenic bonds is shown to be trans; from 1,2- and 2,3-dimethyl" 
cyclohexenes and 2~methyl-methylenecyclohexane predominantly 
359 
t r a n s "compounds are obtained 
In the Prins reac t ion , the product wil l be expected t o 
have a d iax ia l conformation on account of i t s mechanism. This 
360 
has been ver i f i ed by Smissman and Witiak by t h e i r work on 
a r ig id system^trans-2-octal in (SCiC). 
CH2OH 
iCQC. t rans-2-Octalin 
50 
Also, the hydration of the double bond on hydroboration 
361 
of l-methylcyclohexene has been shoxvn to be els , A els 
isomer5 in general} forms an intramolecular reaction product 
334 (e.g. lactone) more easily . The addition of a dienophile 
to a diene in the Diels-Alder reaction is also stereo-
specifically cis. 
51 
STiamaOCIMMISTRY OF GJ^^OMSNTHOLS 
The s te reochemica l c h a r a c t e r i s a t i o n of the carvomenthols 
has involved an approach s i m i l a r i n many r e s p e c t s t o t h a t of 
^, ^ 362-367 
mentnols 
Garvomenthol (:^ OCiI) has t h r e e asymmetric carbon atoms 
and can, t h e r e f o r e , e x i s t i n four enant iomer ic p a i r s . The 
conformations of t he se are given i n Table VI. 
iCCiI. Garvomenthol 
Table Vi. Stereochemical He la t ionsh ip of 
the Isomeric Carvomenthols 
( + ) • 
(+ ) . 
(i) 
^1) 
Isomer 
-Garvomenthol 
- I spca rvo -
menthol 
-Meocarvo-
menthol 
-Neoisocarvo-
menthol 
XSter ic r e l a t i o n 
I s u b s t i t u e n t s a t 
YC atoms 
XC-l,C-2 XC~2,G-
t r s j i s 
c i s 
c i s 
t r a n s 
c i s 
c i s 
t r a n s 
t r a n s 
ship of 
asymmetric 
4 I C-l ,G-4 
t r a n s 
c i s 
t r a n s 
c i s 
XConformation 
X 
X 
X C~l C-2 C-4 
* 
e 
a 
© 
a 
e 
fe 
a 
a 
e 
e-
e 
e 
The assignment of c o n f i g u r a t i o n s i s based on the p r o d u c t s 
obta ined by i ) t he d i r e c t r educ t ion of carvomenthone and i socarvo-
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menthone, ii) the conversion of these ketones to the corres-
ponding amines through the oximes and deamination to the 
carvomentholSj and iii) the hydrogenation of carveols. 
The results obtained by these three methods are not in 
agreement. These are briefly described belov; and the discre-
pancies pointed out. 
i) The isomeric carvomenthones (SSIIIa & XKXIVa) were 
353 
obtained by the catalytic reduction of (+)-carvone (XXXIIa) 
^-CaHs 
SXJi.11 a. Carv one 
l -C ,H 3 "7 
CH 
XXXIIIa.Carvomenthone 
t-CjH^ 
X2UL1Y3., I so carvoment hone 
Ai<Xla. Carv omenthol XXXVa. He ocarvomenthol 
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On the basis of the Auwers-Skita rule isocarvomenthone (XXXIVa) 
(higher density and higher refractive index) has been assigned 
the cis (la, 4e) conformation, while carvomenthone (XXXIIIa) 
is considered to be the trans (ISj 4e) form . In an 
equilibrium mixture, carvomenthone (iDCXIIIa) predominates, 
(fe)-Carvomenthone on reduction with aluminium isopropoxide is 
reported to have given a mixture of (+)-carvomenthol (iDDCIa) 
and (-) -neocarvomenthol (SOD/a) •. Carvomenthol (ICQCIa) 
esterified more readily than neocarvomenthol (XXXVa) and so wil] 
4. ^ ^  i„ ^ • . , . . 131,168 
be expectea to have an equatorial hydroxyl group . The 
sodium and alcohol reduction of (-)-carvomenthone (JDQCIIIa) 
267 
gives (+)-carvomenthol (ICCQa) and since this reduction is 
known to lead to thermodynamically more stable epimer, the 
carvomenthol (}DQ[Ia) will be expected to have all the three 
substituents equatorially bonded. The stereochemical aspects 
of the reduction of isocarvomenthone (}DCXIVa) directly to 
isocarvomenthols do not appear to have been studied. 
ii) Carvomenthol and rxeocarvom.enthoi have been prepared by 
353 
the reduction of carvomenthone oxirae 
(-)-Carvomenthone oxime (le, 4e) 
Sodium and alcohol 
r \ . (+)-Carvomenthylamine (-) -Neocarvomenthylamine 
HOMO HO NO 
Chief ly (+)-Gai'vomenthol Chief ly p_-Menth.:-l-ene 
(Some (-)-p~m.enth-l-ene) (Some carvomenthol & 
- .nebcarvom.enthol) 
b4 
346T350,352-354 
In view of the facile formation of olefin ' from 
.(-) --iieocarvor-icn-:.aylamine, the amino group must be axial. By 
analogous reasoning, (-)-carvomenth;/lamine (vjhich gives only a 
trace of l-menthene) must have an equatorial amino group. Thus, 
the conformations for carvomenthol (XQCIa) and nsocarvomenthol 
dCCirVa) should be le,- 2e, 4e and le, 2a, 4e respectively. 
(-)-Carvomenthone (IQZCIIIa) has been obtained by the Beckmann 
oxidation of (-^ )-carvomenthol (IwCXIa) and (-) -neocarvomenthol 
(iC-GvVa) , which is reported to proceed without inversion and 
thus lends support to the assigned conformations. 
The structure of isocarvomenthol (InXCVIa) has been derived 
368 
partly from its relationship to is^carvomenthone 
Ka + alcohol 
,'(-) -Isocarvomenthone oxime > (-|- -Isocarvomenthylamine 
IIONO 
r 
(")-Isocarvomenthol 
Chromic acid 
oxidn. 
(-) -isocarvomenthone <r 
x-C-i^W-j 
jJi^Lz.. isocarvomenthol XXKyila.Neoisocarvomenthol 
Since (-)-isocarvomenthone (XXXIYa) is a cis isomer (a methyl, 
e isopropyl) , (-) -isocarvomenthol (XDCVIa) and (-)-jsocarvo-
menthylamine can have either of the two possible conformations, 
55 
aee and aae. As the reduction of ketones and oximes by 
sodiua and alcohol i s known to lead predominatly to the equa-
^ . T -, , , , . ^. ^ 131,203,281,283 ^ 351 
t o n a l alcohols ana amines respect ively > Bose 
has assigned the aee conformation to isocarvomenthylamine. This 
i s supported by the fact tha t treatment with n i t rous acid gives 
the corresponding alcohol with very l i t t l e menthene. This 
assignment (aee) to isocarvomenthol i s fur ther supported by 
368 its oxidation to isocar-vomenthone'""'^ . The reaction of nitrous 
351 
acid with neoisocarvomenthylamine to which Bose has 
assigned the aae conformation has not been studied. Neoiso-
carvomenthol (SDCVIIa) has been assigned the aae conformation. 
O i^ ' O O fl^  Ci 
iii) The synthesis ' of carvomenthol OSSIa) and 
neocarvomenthoi (iDQCVa) from carvone by the intermediate stages 
of carveols or dihydrocarveols also supports their conforma-
351 
tions as already described 
(+)-Carvone (XXXIIa)(4e) 
r Aluminium isopropoxide \ 
(+)-cis-Carveol (2e,4e) 
Catalytic 
hydrogenation 
(+) -trazis-Carveol (2a,4e) 
Cata ly t ic 
hydrogenation 
(*)-Carvomenthol ( le ,2e ,4e) 
aydrogenation 
A' 
(-)-Neocarvomenthol (le5 2a,4e) 
Hydrogenation 
(+)-Dihydrocarveol ( le ,2e,4e) (-)-Neodihydrocarveol ( le ,2a ,4e) 
l\i"a + alcohol KOH + Zn 
^ (+)-Carvone (4e) 
The ra te of hydrolysis of dihydrocarvyl aceta te i s shown to 
370 
be higher than that of neodihydrocarvyl acetate , thus 
56 
supporting the conformation of the acetyl group as equatorial 
and axial respectively. 
The palladium catalysed hydrogenation of the isomeric 
carveols leads to the contradictory conformational assignments 
for the is PC arv oment hoi (ICCSVIa) and the neoisocarvomenthol 
(ILKiOTIIa) than those already given. Thus, (4-)-cis-carveol 
(>DQCVIIIa) gives a mixture of (+)-carvomenthol and C--)-neoiso-
carvomenthol while (-•) -trans-carveol (XXXIXa) gives a mixture 
368 
of nsocarvomenthoi and isocarvomenthol . I t w i l l appear t h a t 
^ \^3 H O ^ / y PQ/H2 ^ (+) -Carv oment ho i -^ 
(-) -^L.Neoisocarvomenthol 
A.-'DC/IIIa. (+ ) - c i s -Ca rveo l 
— " ^ > (•-)-Neocarvomenthol 4-
(-)-Isocarvomenthol 
lOXIXa. (")-trans-earv0ol 
in both the cases, in addition to the expected hydrogenation 
product another isomer is formed probably by the epimerisation 
of the hydroxyl group. Alternatively, the earlier conformational 
assignments to iso- and neoisocarvomenthds have to be interchanged. 
Similar inexplicable results have been obtained where trans-
57 
carvotanacetol (XLa) or. reduction with platinimi oxide (acetic 
acid) has given a mixture of neocarvomenthol and isocarvo-
371 
menthol 
H. 
Pt(02) jHOAc, 
^3^7 
> Heocarvomenthol + 
Isocarvomenthoi 
XLa, trans-Carvotanacetol 
Looking back it appears that the conformational assignments 
369 
to carveols are doubtful . The carveol having a higher refraC' 
t i v e index and density has been assigned the cis (2e, 4e) confor-
mation, while that with lov/er re f rac t ive index and density has 
been assigned the t rans (Ba, 4e) conformation, in keeping with 
192,194 
the Auwers-Skita rule . I t i s now known tha t t h i s rule i s 
reversed in the case of 1 ,3-disubst i tu ted cyclohexanes 206 The 
212 
above assignment will be against the conformational rule as 
219 
also the rule proposed by Kelly , according to which the 
conformer with the maximum number of axial substituents should 
have a higher refractive index and a higher density. Again, 
trans-carveol with an axial hydroxyl group is reported to esteri: 
about 1.57 times faster than the cis-carveol with an equatorial 
369 
hydroxyl group 
, 131,168 
ru le 
which i s a lso in contradict ion to the general 
The stereochemistry of carvomenthols and the re la ted com-
pounds i s thus obscure in cer ta in respects and a detai led study 
to c lear these discrepancies i s being continued by the present 
author. 
GINGERGRASS OIL 
CCYMBOPOGON MARTINI, VAR. SOFIA) 
CB130P0G0IT MARTINI GRASSES 
The grass Cymbopogon martini, Stapf (Syn. Andropogon 
martini, Roxb.) belonging to the family Graminae and commonly 
known as 'Rush'5 'Rosh' or 'FLusa' occurs in two varieties, 
372 373 
'motia' and 'sofla' ' . Morphologically, the two grasses 
are indistinguishable but yield two different oils, palmarosa 
and gingergrass oil respectively. Besides the above two 
varieties, grasses which are probably hybrids have also been 
374 
reported . Buring a survey of the production regions of the 
tv7o gr8.sses, the present author has also come across grasses 
375 
which are neither true motia nor sofia. Luthra has described 
eleven varieties of Cymbopogon martini, the identity of which 
is inconclusive as their oils have not been examined, 
Motia and sofia are reported to exhibit considerable 
374 
difference as regards their field habitat . Motia is said 
to prefer a dry, well-drained soil of basaltic composition, 
relatively bare and sunny mountain slopes, with southern 
exposure, open forests or sunny clearings on sparsely wooded 
land. It thrives in regions with an annual rainfall of thirty-two 
to thirty-six inches, but does not withstand stagnant water. 
Sofia on the other hand grows best at lower altitudes in moist 
and poorly drained soil, in valleys or in dense forests kept 
humid by rain^dew or fog. 
373 
Contrary to the reported occurrence of the two varieties 
in separate areas the author has observed them grow aide by side 
in several regions of Andhra Pradesh. The separate collection of 
the two grasses thus becomes difficult and may result in an 
59 
unintended contamination of the distilled oils. The earlier 
376 
investigations on the chemical c®nstituents of gingergrass 
oil have apparently been carried out on impure samples since 
geranoil, which has now been found to be absent in the genuine 
377,3' 
es ' 
376,379 
, 378 , . ^ ^ ^ ^  ^ 
sampl , has always been reported to be a major consti-
tuent 
Sofia and motia are perennial grasses about six to seven 
feet in height. Both grow wild and abundant in many parts of 
India and Pakistan (excepting deserts and plains of the Punjab) 
from the Ganges to the frontier of Afghanistan and from the 
sub-tropical slopes of the Himalaya mountains south to 12 
latitude. Sofia grass grows more abundantly in'/tndhra Pradesh, 
the Punjab and Madras, where large \*raste lands covered with 
this grass are still unexploited. 
T axonomy 
Though in a herbarium, no morphological difference could 
be noted between motia and sofia grass, a few points of identifi-
374,380 
c a t i o n have been observed . Thus, i n motia the upper 
sur face of the culm-leaves makes a r i g h t or obtuse angle wi th 
t h e culm; the grass grows i n s c a t t e r e d p a t c h e s one or two f e e t 
a p a r t and t h e r e a re few r a d i c a l l e a v e s a t t h e base . Sof ia 
by c o n t r a s t grows abundantly and densely and f r e q u e n t l y covers 
l a r g e a r e a s ; t h e upper surface of t h e culm-leaves makes an acu te 
angle wi th t h e culm, t h e grass grov/s in dense masses and t h e 
r a d i c a l l e a v e s are maiiy. 
GINGBRGRASS OIL 
Gingergrass o i l was e a r l i e r regarded as an i n f e r i o r 
q u a l i t y of palraarosa o i l . Walbaum and Hiithig viere t h e 
first to show that gingergrass oil was derived from a different 
variety of the grass on the basis of its chemical composition. 
Burkill, then succeeded in clearing up the botanical source of 
381 
gingergrass oil 
As a commercial product, gingergrass oil fetches 
considerably lower price than palmarosa oil. It is, hov/ever, 
exported in large quantities under various trade names and is 
often blended with terpineol. The blended oil is mostly exported 
to Sudan, and West Asia. Gingergrass oil is sometimes used to 
adulterate palmarosa oil. . In East Africa, gingergrass oil is 
applied with sandal'wood oil and a fatty oil base as a mosquito 
repellant. It is also said to be a remedy for stiff joints, 
lumbago and several other ailments. 
Distillation of the oil 
The distillation season in India is around October, 
November and December. The best yield of gingergrass oil is' 
3S3 
obtained when the grass i s cut about one week a f te r flowering 
The inflorescence contains most of the o i l while the s t a lks 
383 
y ie ld p r a c t i c a l l y no o i l . Subba Rao et. a l . have reported an 
y ie ld of 0.176 per cent from the whole p l an t , 0.55 per cent 
from the flowering tops , 0,18 per cent from leaves and only 
0.01 per cent from the s ta lks based on the weight of f resh grass . 
I t has been shown that the o i l content in the leaves decreases 
384 
on flox'fering . An y i e ld of 0.4 to 1.0 per cent of the o i l 
379 
has been reported from various samples of the grass 
The grass i s cut about one th i rd from the top , and i s 
t i e d in to 200-300 gram bundles^ several hundred of these bundles 
are fed in to a copper s t i l l (capacity 150 gallonsi which i s 
61 
either round or cylindrical. The water is added to the still 
to cover the plant material. A wooden or copper plate closes 
the still, which is then sealed v.dth mud. Through the holes 
in the still head, two angular (60°) bamhoo pipes are attached. 
The long arms of the pipes are covered with cord and reach into 
water-cooled pots or vessels serving as condensers (and simul-
taneously as Florentine flasks). The distillation is carried 
along the bank of a river or nullah. The receivers supported 
on wooden frames are immersed in water upto their necks. The 
still contents are brought to a boil by an open fire and the 
distillate condenses in the inunersed receivers. In all, four 
to five hours are needed to complete the distillation. The 
distilled oil is either decanted off from the distillation 
water or the water is removed using an improvised galvanised 
iron separating vessel. The oil is then transferred to 
galvanised iron tins for sale. 
This method of distillation of the oil is rather primitive 
and adversely affects both the yield and the quality of the oil. 
§83,385 
Improved techniques are l i ke ly to give be t t e r r e s u l t s 
Physico-chemical p roper t i es 
The gingergrass o i l as obtained by the hyd rod i s t i l l a t i on 
of the grass i s pale-yellow to brownish-yellov; in colour. I t 
381,386,387 
has a s^ '^eet odour with a harsh note . Various workers 
have reported the physico-chemical p roper t ies of the o i l , which 
range between the following l im.its , specif ic gravity (20 ) , 
0.900 to 0.953; ref rac t ive index (20°), 1.4780 to 1.4930; 
op t i ca l r o t a t i on , +54°0' to -45°5 ' ; acid number, 0.6 t o 6.2j 
e s t e r number, 8.0 to 31.8 (occasionally above 50); e s t e r 
376 
s 
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content (as C-|_2H2o02^  s 5 to 12 per centj ester number (after 
acetylation) , 120 to 203.4; total alcohols (as C-^QEJ^QO) , 36.0 
3R6 
to 75.0 per cent (sometimes reported as high as 88.0 per 
387 
cent ); free alcohols (as CxoHigO), 32.0 to 57.0 per cent 
387 
(reported upto 83.0 per cent ); solubility in 70 per cent 
ethanol, 1.3 to 3.0 volumes. 
Chemical composition 
The chemical examination of gingergrass oil as reported 
in literature shows a great divergence in results. Various 
workers have carried out studies on the chemical composition of 
different samples of the oii3?6,377,379^ ^j^^ earlier result 
list the following constituents in order of their boiling points: 
(+)-liraonene, dipentene, (+)-o<-phellandrene, an aldehyde (?) 
^10%6^> (+)-or (~)-perillyl alcohol, (+)-car\rone and geraniol. 
These were identified on the basis of their physical properties 
and by the formation of characteristic derivatives. Geraniol 
was considered to be the main constituent of the oil (36-65 per 
cent), 
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Ghaudhary and oollaborators,: have in addition reported 
the presence of citral, nerol and farnesol in a sample of ginger-
grass oil from Katra (Jammu) . The evidence, hov;ever, is based 
in most part on the physical properties and is inconclusive. 
Free formic, acetic and butyric acids were identified merely ' ./ 
by smell or by decolorisa.tion of acidic potassium permanganate, 
absorption of bromine, etc. 
It, therefore, appeared to be of interest to investigate 
the chemical composition of gingergrass oil. A number of 
commercial samples of gingergrass oil were examined. Surprising-
63 
ly one of these samples showed complete absence of geraniol, 
though its alcohol content was 50- per cent. Genuine samples 
of gingergrass oil were then collected from various areas, and 
were found to contain no geraniol. The reported presence of 
376 379 
geraniol in gingergrass oil by previous xvorkers ' could 
only be explained by assuming an admixture with palmarosa oil. 
Morphological similarity and contiguous grovrth of motia and 
Sofia grasses in several areas presented a possibility of an 
unintended adulteration and most of the commercial samples 
did actually contain geraniol. A critical examination of an 
authentic sample of gingergrass oil was, therefore, undertaken 
by the present author. 
377 
While t h i s work was in progress , Naves and Grampoloff 
published t h e i r work on the chemical composition of two essen-
t i a l o i l s , viz.Cymbopogon denslf lorus and Cymbopogon martini> 
va r . Sofia. The o i l from Cymbopogon densif lorus v/as studied in 
d e t a i l and besides ( - )~pe r i l l y l alcohol, the presence of three 
new alcohols , namely, (•<-)-cis- and trans-p-mentha-2y8-dien-l-ols 
and (+)-_cis-p_-mentha.-l(7) ,8-dien-2»ol was reported. Gingergrass 
o i l was obtained from M.Ichaporia of Bombay and the iden t i t y 
of the cons t i tuents in sofia o i l was es tabl ished by comparing 
with the gas- l iquid chromatographic and f rac t iona l d . i s t i l l a t i on 
data of the C.densiflorus o i l . The s t ructure of the new alcohol 
was es tabl ished on the bas i s of both chemical and physical 
evidence. Geraniol was found to be absent. These workers have 
also discussed the biogenesis of the various alcoholic cons t i -
tuents in these o i l s . 
The present studies on the chemical examination of the 
gingergrass o i l were carr ied out on an authentic sample of the 
oil which was obtained by the hydrodistillation of the sofia 
grass collected at Bhongir, a town about 30 miles from Hyderabad. 
Both the collection of the grass and its hydrodistillation were 
conducted under the personal supeivision of the author. The 
oil thus obtained was yellow in colour and had the following 
physico-chemical properties: 
n^° , 1.4927; d|^ , 0.9184; ^^° » - 47.48° 
Acid n-amber, 0.3935 
Es te rs (calculated as C-j_2H]_302) , 5.809 per cent 
Total e s t e r s (af ter acetylat ion) , 59.02 per cent 
Total alcohols (calculated as OJ^QE^^QO) , 52.91 per cent 
Garbonj'-l content (neutral b isulphi te method) , 4.0 per cent 
Phenol content^ 1.0 per cent 
So lub i l i ty , 1 volume of o i l dissolved completely in 
2 .3 volumes of 70 per cent ethanol 
The o i l v/as t r ea ted successively with 5 per cent aqueous 
sodium bicarbonate solut ion and 2 per cent aqueous sodium 
hydroxide solut ion to remove free acids and phenols respec t ive ly . 
The res idual o i l was f r ac t iona l ly d i s t i l l e d xinder reduced 
pressure f i r s t in an a l l - g l a s s Towers column (10 t heo re t i c a l 
p l a t e s ) , followed by re f rac t iona t ion in a Greiner column (41 
t h e o r e t i c a l p l a t e s ) . The progress of the f rac t iona t ion v/as 
followed by the change in re f rac t ive index besides the boi l ing 
point of the f r ac t ions . Optical ro ta t ion and specif ic gravity 
of a l l the f rac t ions were also determined. The o i l and the 
individual f rac t ions were chromatographed over glass p l a t e s 
coated with s i l i c a gel G, using benzene alone and methyl ethyl 
ketone/cyclohexane (5s95) as solvents . The o i l resolved in to 
65 
six spots \^ hich were later identified as (-)-limonene, 
(+)-carvonej an unidentified aldehyde (CIQEJ^QO) , (+)-perillyl 
alcohol, (-) -cis-p-mentha-K?) ,8~dien-2'-ol and (-) -cis-p-mentha-
l,8-dien-3-ol in order of their decreasing Rf values (Fig.l). 
On the basis of the physical data and chromatograms, the fractions 
were combined together to give seven fractions. Table VII gives 
the composition of the combined fractions. 
Table VII. Composition of Combined Fractions 
Fraction Composition 
A (-)-Limonene 
B (-)-Limonenej an aldehyde (CxoHieO) 
C (-)-Limonene^ (•-) " C i s - p - m e n t h a - l ^ S - d i e n - a - o l ( i s o -
p i p e r i t e n o l ) 
D & E (~) -c i s -p -Mentha- l%8"d len-3-o l ; 
(+) -carvone ; (-)-£i£-r>.-mentha-l(7) , 8 - d i e n - 2 - o l * 
F (+)-Carvone| ( - ) - c i s - p - m e n t h a - l ( 7 ) , 8 - d i e n T 2 r o l 
G ( + ) - P e r i l l y l a lcohol 
The combined f r a c t i o n s were e i t h e r r e f r a c t i o n a t e d or run 
through s i l i c a gel (E.Merck, below 0.08 mm) column t o i s o l a t e 
•pure compounds. The p u r i t y of t he i n d i v i d u a l c o n s t i t u e n t s was 
f u r t h e r checked by t h i n - l a y e r and g a s - l i q u i d chromatography. 
IDEJttlFIGi^IOH Oi' TILS GHilKICAL CONST ITUBI^S 
F ree Acids 
The aqueous sodium b ica rbona te e x t r a c t of t h e o i l was 
c h i l l e d , t h e a c i d s l i b e r a t e d wi th d i l u t e s u l p h u r i c ac id and 
e x t r a c t e d wi th e t h e r . They were i d e n t i f i e d as a c e t i c and 
n - c a p r o i c a c i d s by paper chromatography. A k e t o - a c i d was 
* The a l coho l has been given a t r i v i a l name, 
i s o p e r i l l y l a l c o h o l , i n c o n s u l t a t i o n wi th Dr.Naves 
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Fig.1 TLC of gingergrass oil (H) and combined fractions 
Solvent methyl ethyl ketone/cyclohexane (5:95); 
(1) (-)-Limonene; (2) (+)-Garvone; (3) Aldehyde, 
G10H16O; (4) (+)-Perillyl alcohol; (5) (-)-cis-p-
Mentha-1(7) ,8-dien-'.£-ol; (6) (-) -cis-p-Mentha-1^ 
8-dien-3-ol, 
4000 3000 2000 I5O0 CM-1 1000 900 
WAVELENGTH ( MICRONSi 
E'ig.2 IR spectrum of ( - ) - l lmonene 
67 
i so la ted by Girard-P reagent and was iden t i f i ed as l e v u l i n i c 
acid by the iodoform t e s t and by th in - l aye r chromatography 
on s i l i c a gel G p l a t e s . This appears to be the only instance 
of the i so l a t i on of l evu l in i c acid from an e s sen t i a l o i l . 
Levulinic acid i t s e l f i s not s team-vola t i le , but seems to have 
been d i s t i l l e d over along with other terpenoids . 
Phenols 
The dark-coloured, viscous liquid isolate:d by acidifying 
the alkali extract of the oil showed the presence of ten phenols 
on a paper chromatogram. The phenols were not examined further 
as the material was insufficient. 
Hydrocarbons 
(-)-Limonene (III) was identified as the only hydrocarbon 
present in the oil, on the basis of its physical properties and 
infrared spectrum (Fig,2), It gave the characteristic tetra-
bromide and nitrosochloride. The observed specific rotation 
CH-
H3C" "^GH^ 
III. Limonene 
(-106.5°) for (-)-limonene varied from the recorded value 
389 
(-122.6°) suggesting the presence of a small quantity of 
dipentene. 
(+)?'V-Phellandrene, e a r l i e r reported to be a const i tuent 
376,379 
of gingergrass o i l , could not be detected e i the r by 
gas- l iquid chromatography and u l t r a v i o l e t spectroscopy or by 
the specif ic n i t r o s i t e tes-T ' 
.G.arbonyI • - Gomp ound s 
On spray ing the thin-srlayer chromatogram of t h e o i l w i th 
2 , 4 - d i n i t r o p h e n y l h y d r a z i n e s o l u t i o n , two d i s t i n c t spo t s -rfere 
ob ta ined . 
i ) Aldehyde, CipPIisO 
The f r a c t i o n B (Table VII) showed the presence of an 
aldehyde ( T o l l e n ' s r e a g e n t ) . A fev.^  mi l l ig rams of the aldehyde 
were i s o l a t e d us ing Girard-P r e a g e n t , which gave a 2 , 4 - d i n i t r o -
phenylhydrazone, m.235-236° . The a n a l y s i s of t he d e r i v a t i v e 
corresponded t o the formula O^QE^^QQ f o r t he a ldehyde. The 
a ldehyde , however, could not be f u r t h e r examined because of the 
very small q u a n t i t y of t he a v a i l a b l e m a t e r i a l . PossJliy, t h i s i s 
i d e n t i c a l wi th the u n i d e n t i f i e d aldehyde r epo r t ed i n e a r l i e r 
l i t e r a t u r e ^ ^ . 
i i ) (4-) -Garvone 
(+)-Carvone (ICuvII) distilled ;]ust before (t)-perillyl 
alcohol and was accompanied with a new alcohol, (-)-cis-p~mentha-
1(7) ,8--dien-2-ol. (•i-)-Carvone v;as isolated in pure form on a 
F=0 
silica gel eolujun and was identified by its characteristic deriva-
tives. The infrared spectrum of the isolated sample (Fig.3) was 
identical with an authentic sample of carvone (Fig.4). Its 
ultraviolet spectrum is given in Fig.5. 
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Alcohols 
376,379 
Geraniol , wliich has t i l l recent ly heen believed to 
be a major const i tuent of the alcohol f rac t ion of gingergrass 
379 , , 
oil was not found, Farnesol , and (-fj-cis- and trans-p-
377 
mentha-2,8-dien-l~ols were also absent. 
Three alcohols all having the molecular formula, ^ lO^.S^^j 
isolated and identified by the present author are; 
i) (-)-ciS"P-Mentha-'l<8--dien-3-ol (Isopiperitenol) (XLI) 
ii) (-)-cis-p~Mentha-l(7) ^ 8--dien~2-ol (Isoperillyl alcohoKXLIi: 
iii) (+)-p?Mentha-l,8-dien~7-ol (Perillyl alcohol) (XLIII) 
CH-
)H 
H~C C H^ H3C^^CH2 
LXI. ( - )"Cis- Isoplper i tenol XLII . ( - ) -c is -p-Mentha- l (7) , 
8--dien-2~ol 
( I sope r i l l y l alcohol) 
CH2OH 
XLIII. (+)-Perillyl alcohol 
(-) -cis-p-Mentha-1,8--dien-3-ol (XLI) has been isolated 
for the first time from an essential oil. (-)-cis-p'rMentha-l(7) 
8-dien-2-ol (iCLIII is also being reported for the first time. 
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The presence of (+)-enantiomer of iCLIi has been reported by 
377 
i-Javes and Grampoloff which, however, d i f fe r s in i t s physical 
p roper t i e s from those observed by the present author. Similar 
va r i a t i on was seen in the melting point of i t s 3 ,6 -d in i t ro -
benzoate a l so . P e r l l l y l alcohol has been obtained as the 
(+)-enantiomer contrary to the contention of Naves and 
377 
Grampoloff tha t gingergrass o i l should have only ( - ) - p e r i l l y l 
a lcohol . 
i ) (-•)-Gis-p-Mentha--l.>8-dien-3-;pl ( Isoplperl tenol) (XLI) 
Refractionation of the f rac t ion C (Table VII) yielded 
two products , one of which was a hydrocarbon and was iden t i f i ed 
as (-)-limonene. The other compound analysed as C3_oHx6^ * '^^^ 
infrared spectrmn (Fig. 6) showed a strong band at 3448-3333 cm"-'-
ind ica t ing the presence of a hydroxyl group. The i s o l a t e , 
however, did not y ie ld any c rys t a l l i ne der iva t ive . 
On hydrogenation with Adam's c a t a l y s t , the alcohol 
(JCLI) absorbed two moles of hydrogen thus showing two double 
bonds in the molecule. Infrared spectrum (Fig.6) of SLI showed 
-1 -1 
bands at 888.4 cm and 832.7 cm corresponding to a terminal 
double bond (_)G=CH2) and a t r i s u b s t i t u t e d double bond (H<C;=CCJJ^) 
respec t ive ly . The ozonolysis of the alcohol gave formaldehyde 
and formic acid among the decomposition products , confirming the 
presence of a terminal methylene group. Since no acetone was 
detected, the absence of the isopropylidene group (yG=CC _^j ) 
could be inferred. 
The product of the hydrogenation of XLI was iden t i f i ed 
as neoisomenthol (iOjIYa) through i t s 3 ,5-dini t robenzoate . This 
provided evidence for the skeleton of the or ig ina l a lcohol , ,. '. 
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t h a t i s , 2.-menthane wi th hydroxyl group a t carbon atom 3 . The 
XLlVa. Heoisomenthol 
hydrogena t ion product of 'KLI gave another 3 , 5 - d i n i t r o h e n z o a t e 
'D (m„80.5-81 .5° , [°<]?'^*f 0 .0°) which, however^ could not be 
i d e n t i f i e d . 
P o s i t i o n of the j i oub l e bonds 
On Seckmann o x i d a t i o n , the a l coho l (XLI) gave i s o -
p i p e r i t e n o n e (]CLV) (probably t o g e t h e r \vith a l i t t l e p i p e r i t e -
392 . 
none) (XL¥I) which was i d e n t i f i e d by i t s u l t r a v i o l e t spectrum 
( F i g . 7 ) , i t s 2 ,4 -d in i t ropheny lhydrazone and by i t s i somer i s a -
393 
t i o n t o thymol , t hus l end ing f u r t h e r support t o the p o s i t i o n 
CH3 
iCLV. 1 s 00 ip e r i t enone 
H3C CH-
ALVI, Piperitenone 
of the substituents. The infrared spectrum (Fig.8) of the 
ketone (ALY) showed a strong band at 1664 cm" (assigned to 
<=<|3~unsaturated cyclohexanone). Its molar refraction also 
had an exaltation of 1.2-units as expected of a conjugated 
ketone. The trisubstituted double bond is, therefore, placesi 
at carbon atom 1 and the only choice left for the terminal 
Fig 'S P^ spectrum of (-)-cis-p-Mentha~l,8~dien-3-ol ( i soplper i tenol ) 
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Fig .9 IR spectrum of neoisomenthol 
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double bond is at carbon atom 8. The original alcohol is^ 
therefore, assigned the structure XLI. 
Stereochemistry 
It is known that in cyclohexane, the equatorial substi-
tuents are generally raore stable ' ; also, substituents of 
171 
high steric requirement occupy equatorial positions . Thus, 
the isopropenyl group being bulky, in all probability, occupies 
the equatorial position. Since no ester could be obtained from 
131,168,25 
the alcohol (XLI) the hydroxyl group i s l i ke ly to be axia l 
This o r ien ta t ion of the hydroxyl group i s fur ther supported by 
infi-ared spectrum of ILl (Fig.6) tvhere a band for C-0 s t re tch ing 
v ib ra t ion i s obtained at 1007 cm"!. For an equatorial hydroxyl 
- l l 90 
group, t h i s band i s at 1030-^.040 cm 
Also, the hydrogenation product of the alcohol (XLI) 
•was neoisomenthol (XLIVa) in v/hich the isopropyl and hydroxyl 
362 363 
groups are known to be equator ia l and axia l respect ively * 
The infrared spectrum (Fig. 9) of XLIVa shows the G-0 s t re tch ing 
band at 1000-1006 cm also indica t ing axial o r ien ta t ion of 
the Iiydroxyl group. Since the ca t a ly t i c hydrogenation proceeds 
V7ith the re ten t ion of conformation, the product (XL'l¥a) confirms 
the o r ien ta t ion of the isopropenyl and the hydroxyl groups in 
iCLI. The parent alcohol (XLI) has, there fore , been f i n a l l y 
iden t i f i ed as (-)~ci,s-p-mentha-ly8~dien-3-ol (XLIa). 
XLla. cis-p-Mentha-l^S-dien-S-ol 
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The hydrogenatioh of ZLI can lead either to ne_omenthol, 
neoisomenthol or a mixture of the two. On theoretical grounds, 
the formation of neoisomenthol as the major product of the 
catalytic hydrogenation of SLI is expected even though it is 
not the thermodynamically preferred isomer. The approach of the 
hydrogen can be expected more from the side opposite to the 
axial hydroxyl group at C-3 in the alcohol liLI. The incoming 
hydrogen at C~l is thus more likely to occupy the equatorial 
position, orienting the methyl group to the axial position and 
resulting in the formation of neoisomenthol as the major product. 
ii) (-)--cis-p--Mentha-l(7) ,8~dien-2-ol (Isoperillyl alcohol) (XLII) 
The removal of (t)-carvone from the fraction F (Table ?II) 
by stirring with saturated sodium sulphite solution |a¥e a 
compound QCLII) which analysed as CxoHieO. Its infrared spectrum 
(Fig.10) showed it to be an alcohol. A sample of the alcohol 
(ILII) was purified through its 3,5-dinitroben2oate and- its 
physical characteristics determined. The alcohol shov;ed a high 
optical rotation (-76.77°). The melting point of its 3,6-dinitro-
benzoate did not correspond to any known derivative. 
On hydrogenation with Adam's catalyst, the alcohol (XLII) 
absorbed two moles of l-jydrogen, thus showing two double bonds in 
the molecule. The infrared spectriim (Fig. 10) of the alcohol 
(XLII) showed a very strong band for a terminal double bond at 
888.4 cm"-"-. The intensity of the band for the end methylene 
group was almost double that of limonene (Fig.2) or perillyl 
alcohol (Fig.11), each having one such double bond. The presence 
of the two terminal double bonds vjas also ind.icated by the results 
76 
of ozonolysis of XLII when 0.82 mole of formaldehyde was 
394 
obtained . Under identical conditions, perillyl alcohol and 
limonene gave only about 0.4 raole of formaldehyde. 
The b^rdrogenation product of 2LII was identified as 
(-)-carvomenthol (iuQCIa) on the basis of the melting point 
and the specific rotation of its 3,5-dinitrobenzoate . The 
infrared spectrum of (-)-carvomenthol is given in Fig.12. Also, 
>2CCIa. Carvomenthol 
the hydrogenation product on oxidation gave (-)-carvomenthone 
identified by its infrared spectrum (Fig.13), its optical 
395 
ro t a t i on and by i t s 2,4-dinitrophenylhydrazone . The hydro-
genation product (ICQCIa) provided the proof of the presence of 
the 2.-menthane skeleton in the parent alcohol (XLII) and 
placed the h^^'drozyl group at carbon atom 2.. 
Pos i t ion of the double bonds 
Infrared spectrum (Fig,10) and the r e s u l t s of the oKonisa-
t i o n of alcohol (XLII) suggest the presence of two terminal 
double bonds. The s t ruc tu re , which could have two such double 
bonds can be represented only by the formula (XLII). 
Rearrangement of the 1(7)-double bond 
The Beckmann oxidation of XLII yielded about 19 per cent 
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of perillaldehyde and a small quantity of perillic acid among 
the reaction products. The alcohol, £-mentha-l(7),8-dien-2-ol» 
is obviously an allylomer of perillyl alcohol and on oxidation 
in presence of acetic acid, an allylic rearrangement takes place 
which may be represented as follows: 
^ 
H~C-H H-C-H 
C^OH^ ^C C-O-H ^C 
H 
H-C-H 
II 
H-(f-H 
C 
CH 
! 
OCOCH. 
CHO 
I 
c 
CH^OH 
G 
G "^GH ^ Lo3 c ^ "^GH fgQ C' 
CH.OGOGH-
6- ^ 
^ GH 
Since an exocyclic double bond is relatively less 
stable, a molecule having an endocyclic double bond generally 
results on any rearrangement. This result further supported the 
assignment of the structure to alcohol (iCLII). On treating the 
reaction product v/ith moist silver oxide to remove the aldehyde, 
a ketone, possibly (-)-£-mentha-l(7),8-dien-2-one QCLYII) was 
left. The infrared spectrum of XLVII is given in Fig.14. 
GH2 
)=0 
»^3^ CH. 
'ELYlI. p-Mentha-l(7) ^ 8--dien-2-one 
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St e re o chemi st ry 
The isopropenyl group at G-4 being a large group \i!ill be 
expected to occupy the equator ia l pos i t ion . The hydrogenation 
product of alcohol OCLII) has been ident i f ied as ( - ) -carvo-
menthol (XXXIa) wherein a l l the three subs t i tuents are' known to ' 
353,368 be equator ia l . xhis confirms the o r i en ta t ion of the 
isppropenyl group and since the c a t a l y t i c hydrogenation proceeds 
•with the re ten t ion of the conformation, the hydroxyl group i s 
a lso proved to be equator ia l . The alcohol has , the re fore , been 
iden t i f i ed as (>)-cis~p-mentha~l(7),8-dlen-2-ol (XLIIa). 
XLIIa. C-)"Cis-p-Mentha-l(7) ,8--dien-2-ol 
The (+)-enantiomer of alcohol XLII has been reported to 
377 
be present in the e s sen t i a l o i l of Gj/mbopogon densif lorus 
This has also been shown to be a consti tuent of gingergrass o i l 
377 
by comparison of gas-liquid chromatographic data. The reported 
physical properties of XLII were found to be different from 
the sample prepared by the present author (Table VIII). 
4 0 0 0 3 0 0 0 2 0 0 0 ISOO 
Fig. 14 IR spectrum of p-mentha-l(7) ,8-dien-2-"one 
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...I'.a'ble VIII. Comparison of Properties of 
cis-p-Mentha-1(7),8-dlen-2-ol 
As r epo r t ed by "377 —-— As olDserved by 
Waves and Grampoloff t h e p r e s e n t author . 
^ 1.49552 ng 1.4864 ^ 
d |^ 0 .9457 d | § 0 .9366 
lo<]j^ + ^ 4 - 3 ^ I ^ I Q ' ^ * ^ -81 .790 
SyS-Dinitro 'benzoate 
m. 69 -69 .5° ra. 77-78° 
y]^.^'^ + 2 8 . 6 1 ° * yf^ - 3 5 . 7 2 ° (CHCI3, 
(CHCI3, 0=1.1195 pe r cent 0=1.008 p e r cent) 
• II I • • r w . B r i i i . i « . l . . i i . n i . i W i M i l • • • [ • • • I INI • • I ' l • • ! ! • — - - -- • — - - I . . . • • — 
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It appears that Naves and Grampoloff were dealing with 
the trans isomer of the alcohol XLII, as the refractive index 
and the density of their sample of alcohol are higher. This has 
414 415 
now been s u b s t a n t i a t e d by Heln and Ohloff as a l s o by Schenck . 
0?he i n f r a r e d spec t r a of 3 , 5 - d i n i t r o b e n z o a t e of XLII p repared by 
t h e p r e s e n t au thor ana t n a t of the 3 , 5 - d i n i t r o b e n 2 o a t e sent by 
Dr. Naves were, however, completely superimposable ( F i g . 1 5 , 1 6 ) . 
In t h e p r e s e n t s tudy, t h e c a t a l y t i c nydrogenat ion of ( - j - c i s - p -
m e n t h a - l ( 7 ) , 8 - d i e n - 2 - o l (XLII) l ed t o t h e format ion of 
( - ) -carvomenthol (SCvIa) as the major p roduc t . I t nas been 
i d e n t i f i e d oj t he mel t ing po in t and t h e s p e c i f i c r o t a t i o n of i t s 
355-d in i t robonzoa te and by i t s ox ida t ion t o (~)-ca3?vomenthone. 
On t h e o r e t i c a l c o n s i d e r a t i o n s , t he c i s -p - inen tha - l (7 ) ^8? 
d i e n - 2 - o l (XLIIa) could y i e l d e i t h e r carvomenthol (XKCIa) or 
* Determined by the p r e s e n t au tho r , from a sample 
k ind ly sent by Dr. Y.R. Naves. 
i^ocarvomenthol (IDCCVIa) . 
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XLIia» cis-Ti-Mentlia- IGQCIa. Carvomenthol 
1(7) ,8--dien-2~ol 
C\ria. Isocarvo-
menthol 
In t h i s mixture carvomenthol i s expected t o predominate as the 
noble metal ca ta lys t s are kno-v/n to lead generally to the c i s 
332 333 
addi t ion of hydrogen ' . Thus, c i s addi t ion with respect 
to e i ther the hydroxyl or the isopropenyl group wi l l add 
hydrogen ax ia l ly at G-1, or ient ing the methyl group to an 
equator ia l pos i t ion . The reac t ion , however, cannot be completely 
s te reospec i f ic in single cyclohexane r ings and some j^socarvo-
menthol i s a lso l ike ly to be formed. The gas- l iquid chromatogram 
of the hydrogenated product gave two peaks (Fig. 17) , ne i the r of 
which corresponded to the s t a r t i ng alcohol (XLII) . The smaller 
one (17 per cent) i s probably contributed by isocarvomenthol. 
The 3,5-dinitrobenaoate of the hydrogenated product was prepared 
and t h i s a lso showed the presence of two der ivat ives on 
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m e n t h a - l ( 7 ) , 8 - d l e n - 2 - o l 
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benzoate of hydrogenated 
( - ) - G i s - p - m e n t h a - l ( 7 ) ^ 
8 - d i e n - 2 - o l 
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(B) Mixture of ca rvo-
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i s o c a r v o m e n t h y l - 3 , 5 - d i -
n i t robenz oat e s. 
a s i l i c a gel G p la te (Pig.18) . The carvomenthyl-3,5-dinitro-
benzoate separated in pure form on r e c r y s t a l l i s a t i o n . A further 
quanti ty of 3,5~dinitroben2oate (m.8G-83<^) was obtained from the 
mother l iquor which on a s i l i c a gel p l a t e showed two spots . ' The 
second spot i s probably due to is£carvomentiTyl-3,5-dinitrobenzoate. 
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Nawes and Grampoloff obtained (t)-isocarvomenthol on 
catalytic hydrogenation of their sample of alcohol XLII. They 
identified this product by its specific rotation and melting 
point and the specific rotation of its 3,5-dinitrobenzoate, Prom 
the trans isomer of alcohol ICLII, neo- or neoisocarvomentholis would 
be expected to be obtained. However, the results of the catalytic 
hydrogenation of unsaturated alcohols in 2.-menthan-2-ol series 
have always been a subject of discrepancies and have been discussed 
in an earlier part of this work (pp.Sl-^. Further work in this 
direction is in progress. 
iii) (•t-)--o-Mentha-l,8-dien~7-ol (Perillyl alcohol ) (XLIII) 
The fraction G (Table VII) has been identified as (+)-
perillyl alcohol (XLIII) as its X -naphthylurethane. The oxidation 
of the alcohol have (+)-perillaldehyde and perillic acid. Both 
(+)-and (-)-perillyl alcohols have been reported to occur in 
gingergrass oil . Naves and Grampoloff . hold the view that 
the perillyl alcohol in gingergrass oil is always present as 
(_)_enantiomer. According to them , the earlier workers 
had used contaminated gingergrass oil which contained geraniol 
and when the .alcohol fraction was treated with formic acid to , 
• -,-, 1 -1 1 T 3 9 6 decompose geremiol for the isolation oi perillyl alcohol , 
i 
isomerisat ion of (+)-£.-fflentha-l(7) ,8-dienr2-ol (XLII) t o 
85 
(+)-perlllyl alcohol might have been caused." The present studies 
do not bear out this Inypothesis. The present author has isolated 
only (+)-perillyl alcohol from the several samples of gingergrass 
oil, while the cis-p-mentha-l(7) y8--dien-2-ol (XLII) was obtained 
as (-)-enantioraer. The oil was not subjected to any treatment 
which could have brought about the isomerisation as visualised 
377 
by Naves and Grampoloff . This c lear ly shows an independent 
existence of the (-H)-enantiomer of p e r i l l y l alcohol in gingergrass 
o i l . 
The reported specif ic ro ta t ion and other physical 
396 p roper t i e s of p e r i l l y l alcohol vary from sample t o sample 
A pur i f ied sample of the ( + ) - p e r i l l y l alcohol was prepared and 
i t s pur i ty was ascertained by gas- l iquid and th in - l aye r 
chromatography. The physical proper t ies of the pur i f ied sample 
were recorded. The infrared spectrum of the pur i f ied 30^ X11 
i s given in F ig .11 . Hitherto unreported 3,5-dinitrobenzoate of 
p e r i l l y l alcohol was also prepared (melting po in t , 71-71.5 ) . 
EXPERIMENTAL 
EQUIPMEI?JT Mm TEGMIQUES 
The u l t r a v i o l e t s p e c t r a were t aken on a Beckmann s p e c t r o -
photometer , model DU and on Hi lger and Watts Uvispek, model H-700 
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spectrophotometer. Spectroscopically pure ethanol was used 
as the solvent. The infrared spectra were recorded on Perkin-
Elmer Infracord, model 137. Potassium bromide pellets were 
used for solid substances; liquid substances were taken as 
micro-films. The intensity of the infrared frequencies has been 
reported as weak (w) , medium (m), strong (s) and shoulder (sh). 
Gas-liquid chromatography 
George and Griffin V.P.C. apparatus, Mkll was used. The 
stationary phases employed were high vacuum silicone grease, 
Apiezon greases L and M, trictesyl phosphate, and polypropylene-
glycol sebacate. Polypropyleneglycol sebacate (20 per cent w/w) 
on 100-120 mesh celite 545 was found to be the most satisfactory 
for the present work. Nitrogen (oxygen free, 99,5 per cent 
pure) was used as the carrier gas and the thermal conductivity 
cell was employed as the detector. The recorder speed was 
maintained at six inches per hour. Other experimental conditions 
are given with each chromatogram. 
Graded celite 546 (Johns Mansville, 100-120 mesh) (40 g) 
was treated with 10 g of polypropyleneglycol sebacate solution 
in ether in a conical flask and the contents were thoroughly 
mixed. Most of the solvent v/as permitted to evaporate by gentle 
sv/irling of the flask; the last traces were removed under vacuum 
in a desiccator. The residual material was then heated in 
nitrogen atmosphere at 180° for seventy-two hours. 
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Two U-shaped copper coliimns, each three feet long, 
were f i l l e d ¥ i t h the prepared material and were used in s e r i e s 
for the gas- l iquid chromatography. 
Thin-layer chromatography 
Desaga's (Heidelberg, W.Germany) apparatus was used 
for the preparat ion of the p l a t e s . Thir ty grams of s i l i c a gel G 
(E. Merck, Darmstadt) s lu r r i ed with 60 ml of water v/as used 
for preparing five (20 x 20 cm) p l a t e s . The p l a t e s were 
super f i c i a l ly dried in a i r for five minutes and were then dr ied 
in an oven at 110 for one hour on an aluminium rack. The rack 
with the p l a t e s was then t ransfer red t o a vacuum desiccator 
and allowed to cool to the room temperature. The thickness of 
the s i l i c a gel layer on the p la te s thus prepared v;as 275 p.. 
The substance was dissolved in ethanol and the solut ion 
was spotted about 1.5 cm from one edge of the p la te by means of 
a micropipette or a capi l la ry tube. The p l a t e s were then 
developed in sui table solvent systems in chromatographic chamber 
at room temperature by the ascending technique. After the 
solvent had t r ave l l ed 12 to 14 cm from the i n i t i a l l i n e , the 
p la t e was taken out, and the spots were located e i the r by 
u l t r a v i o l e t l i g h t or by spraying with one per cent formaldehyde 
(40 per cent solution) in concentrated sulphuric acid and 
heat ing the sprayed p l a t e s at 110° in an oven for 5 minutes. 
The chromatograms were t raced and appropriate d e t a i l s were 
noted down for record. 
All melting points are uncorrected. The temperatures 
are given in degrees cent igrade. 
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GINGSRGRASS OIL 
The gingergrass oil was obtained by hydrodistillation 
of the carefully collected grass from Bhongir, a town about 
thirty miles from Hyderabad, Andhra Praiesh. This oil was 
yellow in colour and had the following characteristics: 
n|°, 1.4927-, d^, 0.9184-, c<^v -47.48 -, 
Acid n o . , 0.8936 (2.6793 g o i l required 0.45 ml 
of 0.09482N NaOH so lu t ion) ; 
Es te r s (as C22H23O2), 5.809 per cent (1,3312 g o i l 
required 0,85 ml of 0.4682N NaOH solution for 
saponif ica t ion) . 
Total alcohols (as GxoHigO), 53.64 per cent 
(1.0547 g of acetylated o i l required 6.85 ml 
of 0.4682N NaOH solution for saponif ica t ion) . 
Carbonyl content (Neutral sulphite method), 4.0 per cent, 
Phenol content, 1,0 per cent. 
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FREE ACIDS 
Isolation 
Gingergrass oil (1500 g) was extracted five times with 
5 per cent aqueous sodium "bicarbonate solution (400 ml of 
solution each 'time) . The aqueous layer was separated and 
extracted with ether to remove the entrained oil. It was then 
chilled with ice and treated with cold concentrated hydro-
chloric acid till it was acidic to Congo Red. The liberated 
acids Tfere extracted out in ether, the ethereal extract dried 
over anhydrous sodium sulphate and the ether distilled off. 
The acidic residue weighed 1.5 g (0,1 per cent of the oil). 
Paper chromatography 
A small quantity of acidic residue was dissolved in 
ethanol, treated with ammonium hydroxide and excess of ammonia 
boiled off. The ammonium salts were spotted on t'fliatman No.l 
filter paper (25 z 15 cm). The paper was equilibrated in a 
chromatographic chamber with the solvent (Ethanol/ammonia, 
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100:1) overnight. The ehromatogram was then developed v/ith 
the above solvent by the descending technique. After four 
hours when the solvent front had travelled about three fourth 
of the paper, the ehromatogram was taken out, permitted to dry 
in air for fifteen minutes and sprayed with diazotized £-nitro-
aniline, followed by 15 per cent aqueous sodium carbonate 
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solut ion . Three acids were revealed as pink spots on a 
yellow background. Two of these acids were ident i f ied as 
ace t ic and n-caproic when chromatographed with reference acids 
(Rf values , 0.27 and 0.54 respect ive ly , F i g . l 9 ) . Repeated 
chromatograms gave iden t i ca l r e s u l t s . 
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The third acid showed the presence of carhonyl group on 
spraying X'fith 2,4-dinitrophenylhydrazine solution. It was 
identified as levulinic acid after isolation from the mixture 
by Girard-P reagent by the following procedure; 
The acid mixture (0.8 g) was dissolved in absolute 
methanol (25 ml) containing 2.5 ml glacial acetic acid. To 
tnis solution was added 1 g of Girard-P reagent. The solution 
was refluxed for 1.5 hours. It was then cooled and poured 
into ice-water (170 ml) v/ith stirring. The aqueous solution 
was neutralised with 2.9 g of sodium carbonate (monohydrate) 
and was then extracted with ether. On removal of the solvent 
from the dry ether extract (anhydrous sodium sulphate) 
carbonyl-free acids were obtained. 
The aqueous solution was treated with 6.6 ml of concen-
trated hydrochloric acid (resulting solution, about 0.5N) and 
was kept aside for two hours. It was then extracted with 
ether, the ether solution dried over anhydrous sodium sulphate 
and the ether distilled off. The residue, a viscous, brownish 
and pungent smelling liquid dissolved in water easily. 
^ , . ^ ^388 loQoform test 
The isolated keto-acid was dissolved in 1 ml of water 
in a test tube, two drops of 10 per cent sodium hydroxide 
solution added to it followed by a few drops of potassium 
iodide solution till a yello\} colour just persisted. The test 
tube was kept aside. A yellow precipitate with a distinct 
smell of iodoform settled at the bottom of the test tube 
after tx^ro minutes. 
SOLVENT FRONT 91 
« — ' 
V 
0 
I''ig,19 Paper chromatogram of free fatty acids 
Solvent ethanol/ammonia (100:1); (A) Acetic acid; 
(3) Acids frora gingergrass oil; (C) n-Gaproic acid 
SOLVENT FRONT 
SOLVENT PRONT 
oo 
o o 
Fig.20 TLG of levulinic acid 
"rchloro£orm^ ,Erbutanol (99; 1) 
(A) Levulinic acid (from 
gingergrass oil); (3) i^ evu-
linic acid (authentic) 
Fig,21 TLG of levulinic acid 
(Kthyl acetate/acetic acid/ 
v/ater 60; 25; 15) 
(A) Levulinic acid (from 
gingergrass oil); (B) Levu-
linic acid (authentic). 
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Thin'-layer chromatography of the keto-acid 
Spots -with iden t ica l ^ value were obtained -when the 
i so l a t ed kdto-acid was chromatographed along with l e v u l i n i c 
acid on s i l i c a gel p l a t e s using chloroform/n-butyl alcohol ' 
(99:1) (Fig.20) and ethyl ace t a t e / ace t i c acid/water (60:25:15) 
(Fig.21) , The spots were located with 2,4~dinitrophenyl-
hydrazine solut ion. 
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PHBITOL3 
I s o l a t i o n 
Acid- f ree o i l (1200 g ) was e x t r a c t e d t h r i c e wi th 2 p e r 
cent aqueous sodium hydroxide s o l u t i o n us ing 320 ml of s o l u t i o n 
each t i m e . The o i l was then washed n e u t r a l wi th water and 
d r i e d over sodium s u l p h a t e . The sodium hydroxide s o l u t i o n 
i n c l u d i n g t h e washings was e x t r a c t e d wi th e t h e r t o remove t h e 
adsorbed o i l . The a l k a l i s o l u t i o n was then cooled in i c e and 
t r e a t e d wi th i c e - c o l d concen t ra ted hydroch lo r i c ac id t o l i h e r a t e 
pheno l s . These were e x t r a c t e d in e t h e r , t h e e t h e r e a l s o l u t i o n 
d r i e d and the e t h e r d i s t i l l e d off. The pheno l i c r e s i d u e was 
ob ta ined as a dark , s t i c k y l i q u i d (9 .45 g; 0*8 per cent on 
weight of the o i l ) . 
Paper chromatography 
Whatman No.l f i l t e r paper (2§ x 4 cm) was impregnated w i t h 
4 per cent aqueous sodium carbonate s o l u t i o n and d r i e d i n a i r . 
The phenol mixture was d i s so lved in e thano l and was spo t t ed 
a t 4 cm from one end of the paper . The phenols were conver ted 
t o t h e i r s u l p h a n i l i c ac id dyes i n s i t u by p l a c i n g a mixture of 
equal q u a n t i t i e s of 1 pe r cent s u l p h a n i l i c ac id ( i n 8 p e r cent 
v / v HCI/H2O so lu t ion ) and 0 .69 per cent aqueous sodium n i t r i t e 
s o l u t i o n s (made s l i g h t l y a l k a l i n e by adding 2 pe r cent aqueous 
sodium hydroxide s o l u t i o n in cold) d i r e c t l y above t h e phenol 
spot . The paper vjas suspended in a chromatographic j a r and 
was e q u i l i b r a t e d wi th t h e aqueous l ^ e r of e i t h e r of t h e two 
so lven t systems: 
A. Mater-saturated n-butanol*, 
B. Water-saturated methyl-ethyl ketone. 
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The respective orgaxiic layers were then used to develop the 
chromatograms by the ascending technique. Solvent 'A' 
separated the phenolic dyes in five spots. The solvent 'B' 
resolved the dyes in ten spots (Fig.22, Table IX). Since 
the material available was insufficient, the phenols were 
not worked further. 
Table IX. Chromatography of Phenols 
Spots 
a, 
<a, 
e> 
f, 
g> 
h, 
i> 
0» 
Rf value Characteristics 
0.93 
0.90 
0.87 
J 
0.63 
0,56 
0«43 
0,40 
0.30 
0,23 
0.13 
Visible under 
/ ultraviolet 
light 
Light orange 
Light orange 
Light pink 
Light orange 
Light pink 
Yellow 
Orange 
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aOLVEMT FRONT 
O 
8 
Q 
0 l^  
TIME IN MtHUTCS 
F i g . 2 2 Paper chromatoarains of 
phenols 
Solvent w a t e r - s a t u r a t e d 
methyl e t hy l ketone 
F i g . 2 3 GLG of g inge rg ra s s o i l 
Column 6' 20;;^  po lyp ropy lene -
glycol sehaca te on c e l i t e 54 
. (100-120 mesh); Temp.135°; 
C a r r i e r gas K2? Flow r a t e 
2 l i t / h r ; 0 . p r e s s . 2 0 1 mm; 
Recorder -fepeed 6 i n / h r . 
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ACID- Am PHBNOL-FBm GIHGBRGRASS OIL 
Gas - l i qu id chromatography 
The a c i d - and pheno l - f r ee o i l on i t s g a s - l i q u i d chromato-
graphy reso lved i n t o f i v e peaks ( F i g . 2 3 ) . The approximate p e r 
cent composit ion of the o i l on t h e b a s i s of g a s - l i q u i d 
chromatography worked out as below: 
Peak Composition, % C o n s t i t u e n t s 
33 .33 (-)-Limonene 
14.50* 
14 .06 ( - ) - c i s - £ - M e n t h a - l , 8 - d i e n - 3 - o 3 
22.47 (+)-Carvone and ( - ) - c i s - p -
m e n t h a - l ( 7 ) , 8 - d i e n - 2 - o l 
16.62 ( + ) - P e r i l l y l a l coho l 
* Peak B probably con ta ins some 
u n i d e n t i f i e d c o n s t i t u e n t . 
F r a c t i o n a t i o n 
Gingergrass o i l ( f ree from ac ids and phenols) (1006 g) was 
f r a c t i o n a l l y d i s t i l l e d over Towers column under reduced p r e s s u r e . 
The column was packed wi th g l a s s h e l i c e s t o a l e n g t h of 26 cm 
and was 1.2 cm i n diameter (Number of t h e o r e t i c a l p l a t e s , 1 0 ) . 
The p r o g r e s s of f r a c t i o n a t i o n was folloi^ed by the change in the 
r e f r a c t i v e index . 
Twenty-seven f r a c t i o n s were c o l l e c t e d according t o t h e i r 
b o i l i n g p o i n t s and the r e f r a c t i v e I n d i c e s . Other p h y s i c a l 
p r o p e r t i e s of t he f r a c t i o n s were a l s o determined. The f r a c -
t i o n a t i o n d a t a and the p h y s i c a l cons t an t s of t he f r a c t i o n s 
a re given i n Table X. 
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Table. X, Fract ionat ion of Gingergrass Oil onT'o\«rers Corcunn 
? rac -
-J 
X 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
1 3 
14 
1 5 
1 6 
1 7 
18 
19 
20 
21 
2 2 
2 3 
24 
25 
26 
27 
Residuj 
Total 
Losses 
Temp,^ 
65,0-69,0 
63.0-64.0 
65.0 
65.0 
67.0-78.0 
86.0-95.0 
91,0-93.0 
92.5-95.5 
94.5-96.5 
93,5-96.0 
95.0-98.6 
95.5-99.0 
95,5-97.0 
96.5-99.0 
98.5-102.2 
100.0-103.0 
102.5-103.5 
104.5-105.0 
105.5-105.8 
99.5-100.5 
93,0- 94.5 
93.0- 94.5 
96.8- 98.5 
95.5- 97.2 
95.5- 96.5 
95.5- 96.0 
96.0-100.0 
Q - * 
-
Press , 
_ null 
16 
12 
12 
12 
12 
11 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
8 
6 
6 
6 
5 
5 
5 
4 
-
« 
Wt, 
48 
166 
2 
1 
9 
12 
55 
21 
45 
25 
19 
40 
18 
28 
29 
17 
37 
27 
23 
51 
24 
43 
41 
10 
14 
27 
37 
57 
973 
33 
30 
1.4688 
1.4688 
1.4763 
1.4707 
1.4812 
1,4801 
1.4818 
1.4851 
1.4846 
1.4851 
1.4865 
1.4851 
1.4838 
1.4836 
1.4856 
1.4878 
1.4898 
1.4908 
1.4909 
1.4916 
1.4928 
1.4923 
1.4932 ' 
1.4926 
1.4932 
1.4925 
1.4932 
-
-
-
^30 
0.8458 
0.8462 
-
-
0,8492 
0,8562 
0.9324 
0.9326 
0.9352 
0.9321 
0.9368 
0.9437 
0,9438 
0.9521 
0.9498 
0,9632 
0.9469 
0.9532 
0.9581 
0.9458 
0.9463 
0.9428 
0.9468 
0.9472 
0.9476 
0.9469 
0.9532 
-
-
-
/30 
- 8 0 , 8 0 
- 8 5 . 8 6 ° 
-
-
-44 .960 
-54 ,350 
-60 .730 
-60 .370 
-64 .660 
-54 .620 
-65 .450 
- 7 3 . 8 0 
-60 .140 
-71 .200 
-72 ,570 
-64 .570 
-63 .960 
-57.530 
-53.500 
-47.350 
-23 .190 
-16o370 
- 2.370 
+ 7.170 
-S-11,20 
+12,280 
+15.800 
-
-
- • 
Rgfractionation 
The f rac t ions obtained from the Towers column were combined 
together on the basis of t h e i r physical p rope r t i e s . They were 
then refract ionated under reduced pressure on a Greiner column 
packed with glass he l i ces . The length of the column packing 
was 90 cm and the diameter 1.2 cm. I t had forty-one t h e o r e t i c a l 
p l a t e s . F i f ty- four f rac t ions were obtained. The f rac t iona t ion 
data as aJLso the pliyslcal cha rac t e r i s t i c s of the f rac t ions are 
given in Table XI. 
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Table XI. Refractionation of Gingergrass Oil 
on Greiner Column 
F r a c -
t i o n 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1 
12 
13 
14 
1 5 
16 
17 
18 
19 
20 
21 
22 
2 3 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
4 3 
44 
4 5 
.46 
47 
Temp,oc 
7 1 . 5 - 7 3 . 0 
7 2 . 0 - 7 2 . 2 
7 1 . 5 - 7 1 . 7 
7 1 . 8 - 7 1 . 9 
7 0 . 5 - 7 1 . 0 
7 0 . 2 - 7 0 . 5 
7 0 . 7 - 7 1 . 5 
7 1 . 5 - 7 2 . 5 
7 6 . 0 - 8 9 . 5 
8 9 . 5 - 9 8 . 5 
9 8 . 5 
9 9 . 0 - 9 9 , 2 
. 8 9 . 5 - 9 1 . 0 
8 6 . 0 - 8 7 . 5 
8 1 . 5 - 8 4 . 5 
8 2 . 0 
8 3 . 0 - 8 5 . 0 
8 4 . 0 - 8 4 , 2 
8 4 . 5 
8 7 . 5 - 8 8 . 5 
8 8 . 5 
8 7 . 6 - 8 9 . 0 
8 7 . 5 - 8 8 . 5 
8 9 . 0 - 8 9 . 1 
8 8 . 5 - 9 0 . 0 
8 8 . 5 - 8 8 . 7 
8 8 . 0 - 8 8 . 5 
8 8 . 5 
8 5 . 8 - 8 7 . 5 
8 8 . 0 
8 9 . 5 
8 8 . 5 - 9 4 . 5 
9 0 . 0 - 9 3 . 0 
8 9 * 0 - 9 1 . 6 
8 8 . 0 - 8 9 . 5 
8 9 . 0 - 9 0 . 0 
8 8 . 5 
8 9 . 2 
8 9 . 5 - 9 8 . 5 
8 5 . 0 - 8 8 . 0 
8 8 . 2 
8 7 . 0 - 8 7 . 5 
8 9 . 1 - 8 9 , 2 
9 6 . 5 - 9 8 . 0 
9 8 . 0 - 9 8 . 8 
7 9 . 0 r 8 5 . 0 
8 5 . 2 - 8 5 . 8 
P r e s s , 
mm 
20«p 
1 9 . 5 
1 9 . 0 
1 9 . 0 
1 9 . 0 
1 9 . 0 
1 9 . 0 
19 »0 
19^0 
18c0 
1 8 . 0 
1 8 . 0 
1 1 . 0 
9 . 5 
8 . 5 
8 . 5 
8 . 5 
8 . 5 
8 . 5 
8 . 0 
8 . 0 
6 , 3 
6 . 1 - 6 . 
6 . 1 - 6 , 
5 .6 -6» 
6 . 4 
6 . 2 
6 .0 
5 . 0 - 5 . 
5 ,2 
4 , 0 - 5 . 
4 . 0 - 4 . 
4 . 6 
3 . 1 - 3 . 
0 » ^"" *3fl 
3 , 2 
Oo O 
3 . 7 - 4 . 
2 . 2 
2 . 1 
2 . 0 - 2 . 
2 . 2 
4 . 0 - 4 , 
4 . 4 - 4 . 
1 . 4 - 1 , 
1 . 4 - 1 . 
2 
2 
0 
1 
,1 
.5 
6 
5 
0 
2 
5 
7 
,5 
5 
Wt, 
g 
2 , 5 
1 0 4 . 0 
&,Q 
5 1 , 5 
4 0 . 5 
2 . 5 
4 . 0 
2.0, 
8 .0 
8 . 0 
2 . 5 
1 0 . 5 
0 0 « O 
1 0 , 0 
9 .0 
3 . 5 
5 .0 
1 3 . 5 
2 7 . 5 
2 . 5 
2 0 . 5 
1 7 . 5 
4 . 5 
4 . 0 
1 0 . 5 
6 .0 
6 . 6 
1 2 . 5 
8 . 0 
5 . 5 
4 . 0 
1 8 , 0 
4 1 . 5 
1 8 . 5 
3 6 . 5 
1 8 . 0 
2 3 . 0 
8 . 5 
3 4 . 0 
1 0 . 5 
4 . 0 
3 . 5 
9 . 5 
1 1 . 0 
1 6 . 0 
1 3 . 5 
5 ,0 
1 .4637 
1 .4683 
1 .4675 
1 .4681 
1 .4677 
1 .4681 
1 .4699 
1 .4705 
' 1 .4733 
1.4740 
1 .4841 
1 .4850 
1 .4840 
1 .4829 
1 .4832 
1.4850 
1 .4849 
1 .4849 
1.4840 
• 1 .4852 
1 .4842 
1 .4821 
1 .4831 
1 .4829 
1 .4829 
1 .4823 
1 .4826 
1 .4831 
1 .4836 
1 .4851 
1.4840 
1.4870 
1,4910 
1 .4896 
1 .4908 
1 .4907 
1 .4913 
1.4910 
1 .4913 
1 .4921 
1 .4930 
1 .4931 
1 .4933 
1 .4931 
1 .4939 
1 .4926 
1 .4934 
^30 
30 
. . / , • . : J 
0 . 8 4 7 0 
-
0 . 8 4 3 3 
0 . 8 4 8 8 
-
-
-
-
-
-
-
0 . 9 3 8 5 
0 . M Q 4 
-
-
-
0 , 9 4 3 9 
0 . 9 5 2 7 
- . 
0 . 9 4 2 3 
0 . 9 4 0 6 
-
— 
0 . 9 5 2 9 
-
— 
0 . 9 3 8 5 
-
— 
-
0 . 9 4 5 3 
0 . 9 4 7 9 
0 .9450 
0 . 9 4 2 7 
0 . 9 4 6 8 
0 . 9 4 5 7 
— 
0 . 9 4 5 9 
_' 
— 
-, 
— ' 
« 
0 . 9 4 6 S 
. 0 . 9 4 7 7 
— 
^ D 
— 
- 8 8 . 9 2 ° 
- 8 9 . 5 9 ° 
-89, . 1 ^ 
-
-
- 4 9 . 4 7 ° 
- 4 7 . 1 8 ° 
-
- 4 5 . 3 4 0 
- 6 9 . 1 7 o 
- 5 3 . 2 5 ° 
- 4 1 . 0 8 ° 
-
-
- 5 3 . 2 8 ° 
- 6 7 . 0 0 0 
-
- 6 9 . 3 0 ° 
- 7 4 . 3 7 ° 
-
— 
- 6 4 . 2 ° 
-
/^  
- 7 4 , 7 6 ° 
-
-
r\ 
- 7 9 . 9 7 ° 
- 6 6 . 3 3 ° 
- 6 5 . 6 2 ° 
- 6 6 , 8 5 ° 
- 6 1 . 0 4 ° 
- 6 4 . 0 9 ° 
-
- 3 6 . 7 6 ° 
+ 9 . 3 ° 
— 
— 
» 
' ' — 
+ 2 4 . 1 5 ° 
+ 5 . 3 1 ° 
— 
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Fract ion 
48 
49 
50 
51 
52 
53 
64 
Residues 
Towers' 
Gre iner ' s 
Total 
Losses 
Temp,°G 
81.75-83.0 
83.5 
84.0 
84.8-85.0 
83.5 
84.0-84.5 
99-150 
-
« 
Press , 
mm 
X « o^X • 4t 
1.4 
1 .4 
1 . 5 
1 .3 
1.4-1.5 
4 .0-4 .5 
_ 
-
Wt, 
_g . 
. 4 .5 
10.0 
6.0 
6 . 5 
5 . 5 
13.0 
64.5 
57.0 
36.5 
920.5 
85.5 
30 
1.4934 
1.4939 
1.4934 
1.4942 
1.4933 
1.4938 
1.4965 
» 
-
0, 
0, 
^30 
^30 
» 
-
-
-
-
.9468 
.9804 
-
-
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The gingergrass oil and the fractions obtained from the 
Greiner's column were chromatographed over the silica gel G plates. 
The following solvent systems (all ratios, v/v) were tried to 
effect the separation of the individual components. 
1. Carbon tetrachloride 
2. Gyclohexane 
3. Petroleum ether (60-80°) 
4. Benzene 
5. Chloroform 
6. Ethyl acetate 
7. Methyl-ethyl ketone 
8. Ethyl acetate/petroleum ether (60-80°) a, 5:95 
b, 10:90 
c, 15:85 
d, 20:80 
9. Ghloroform/hexane 5:95 
100 
12. Ethyl acetat-e/benzene 
10, Ethyl acetate/cyclohexane a, 10:90 
b, 15:85 
c, 20:80 
d, 25:75 
e, 50:50 
11. Methyl-ethyl ketone/eyclohexane a, 5:95 
b, 10:90 
c, 15:85 
d, 20:80 
a, 5:95 
b , 10:90 
c, 15:85 
d, 20:80 
e, 26:75 
f, 30:70 
a, 5:95 
b , 10:90 
c, 15:85 
d, 20:80 
Out of the above mentioned solvent systems, 4, 11(a), 12(c) and 
(e) and 13(b) showed a good resolution of the oil constituents. 
On the basis of the physical characteristics and the 
chromatograms, the fractions were combined together to give seven 
fractions. The physical properties of the mixed fractions are 
given in Table XII and the thin-layer chromatogram in Fig.l (p.66 ) 
13. Ethyl acetate/chloroform 
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Table XII . Phys i ca l P r o p e r t i e s of Combined F r a c t i o n s 
F r a c - D i s t i l l a t i o n P r e s s , Vfelgfat ^ ^30 30 
t i o n Temp, OQ mm T~~ f P 3Q ^ D 
A 70 .2 - 73.0 19 - 20 212.5 2 1 . 1 1,4682 0 .8371 -88 .85° 
B 76.0 ~ 98,0 18 - 19 16.0 1.6 1.4735 - -48 .32° 
C 81,5 - 88.5 8 - 1 0 117.5 11.7 1,4836 0.9160 -68.35° 
D 87.5 - 89.0 6 - 8 38.0 3.8 1.4835 0.9415 -70.41° 
S 87.5 - 90.0 5 - 6 61.5 6.1 1.4830 0.9418 -36.89° 
F 88.0 - 93.0 3 - 5 198.0 19.7 1.4866 0.9468 -42,42° 
G 79.0 - 93.8 1 - 4 183.0 18.2 1,4930 0.9534 +17.38° 
The fractions were examined separately and the individual 
Isolates were identified after purification through refractionation 
or column chromatography. The purity of each isolate was tested 
by thin-layer and gas-liquid chromatography. 
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(-•)~LIMONEHB 
Fraction A (lable XII, Fig.l) was distilled over sodium 
and was identified as (-)-linionene (III), It had 
bi9^5,,72-72.5f np , 1.4682 
d^ , 0.8371; o(l^ , -88.92; 
M Q J - 1 0 6 . 5 % RMD = 4 5 . 2 2 (Ca lcu la ted 
f o r Gio%6 - 4 4 . 2 4 6 ) . 
Analys i s O^QEI^Q i Galcd. % : G g g . i e ^ 11 .84 
(136,23) Found : ' 88 .69 11.99 
U l t r a v i o l e t spectrum ( F i g . 2 4 ) . 7\ max. 218 myi ( log £ = 2.6436) 
and 236 mjji ( log i = 2 .2111) . 
Infrared spectrum (Fig.2) . 3086 (w) , 2959 (s) , 2849 (sh) , 
1634 ( m) , 1443 (sh), 1437 (m) , 1364 (w) , 1148 (w), 1143 (w) , 
1046 (w), 1012 (w) , 963.3 (w) , 911.9 (w) , 882.0 (s) , 794.9 (w), 
784.2 (sh) , 755.0 (\i) , 
Preparation of limonene tetrabromide 
(-)-Limonene (1 ml) was dissolved in 4 ml of ether §nd 
the solution was cooled in an ice-rbath. Bromine (0.7 ml) was 
added to this solution dropv/ise. The ether was then evaporated; 
3 ml of ethanol was added to the residue and this was left in 
ice-bath for about 1 hour. White tetrabromide x^ as filtered, 
washed with cold ethanol and was recrystallised from ethyl 
rt 401 402 
a c e t a t e , m.103.5-104° ( r e p o r t e d , 104-105°) ' 
Analys is C^Qfl^^Br^ -. Calcd. %: C^^^^ E^^^^ 
(455.912) : Found i 26.40 3.68 
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W A V E L E N G T H <.fMil ) 
r i g y, 24 UV spectrum of ( - ) - l imonene 
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Preparation of llmonene nitrosochlorlde 
Limonene (2 g) v/as dissolved in 2 'ml of 1 sop ropy 1 
alcohol and was cooled in ice-bath. To this was added a 
saturated aqueous solution of sodium nitrite (1 g) and then 
a cold mixture of concentrated hydrochloric acid (6 ml) and 
isppropyl alcohol (4 ml). The mixture was shaken for 16 minutes 
in an ice-bath and left there for 1 hour. The nitrosochlorlde 
separated as white solid which was filtered and recrystallised 
from acetone, m.104-106°(reported, 103-104 and 106-106°) 
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ALDSHIDE, C10H16O 
I s o l a t i o n 
A carbonyl compound was i s o l a t e d from f r a c t i o n B 
(Table X I I , F i g . l ) us ing Girard-P r eagen t . 
F r a c t i o n B was d i s s o l v e d i n abso lu te methanol (40 ml) 
which had 4 ml of g l a c i a l a c e t i c a c id , Girard r eagen t -P 
(1*5 g) was added and t h e s o l u t i o n was re f luxed over w a t e r - b a t h 
f o r 1.5 hou r s . I t was then cooled and poured i n t o i c e - w a t e r ' 
(200 ml) wi th s t i r r i n g . The r e s u l t i n g s o l u t i o n was n e u t r a l i s e d 
w i th 6 .4 g of sodium carbonate and was then Ex t r ac t ed wi th e ther5 
t h e e t h e r e x t r a c t was found t o con ta in ( - ) - l imonene . ' The 
aqueous s o l u t i o n v/as t r e a t e d v;ith 8 . 3 ml of concen t ra t ed hydro-
c h l o r i c ac id ( r e s u l t i n g s o l u t i o n , about 0 .6N) , and was kept 
a s ide f o r 2 hou r s . I t was then e x t r a c t e d wi th e t h e r , t h e e t h e r 
s o l u t i o n d r i e d (anhydrous sodium su lpha te) and t h e e t h e r d i s t i l l e d 
30 
off to give a few milligram of a carbonyl compound (n^ , 1,4717) 
v/hich gave a positive test for aldehyde (Tollen's reagent) . The 
aldehyde could not be identified as the material was not 
sufficient. 
P r e p a r a t i o n of 2 ,4 -d in i t ropheny lhydrazone of t h e aldehyde (CipHisO) 
The aldehyde (about 0 ,2 g) was d i s s o l v e d in a small volume 
of e thano l and t o t h i s , about 1 ml of e t h a n o l i c 2 , 4 - d i n i t r o p h e n y l -
hydrazine s o l u t i o n (H2SO4) was added. The mixture .was warmed 
over wa te r -ba th f o r 2 minutes and kept a s i d e . The red-orange 
c r y s t a l s of t he 2 ,4 -d in i t ropheny lhydrazone v/ere sepa ra ted by 
f i l t r a t i o n , -and r e c r y s t a l l i s e d from e t h a n o l , m.234-236°. 
Ana lys i s CigH2Q04M4 : Galcd. $ : Wje.se 
(332.36) Found : 16.87 
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(-) -.cis-p-^lSFJHA-l.S-DIEN-S-OL (ISOPIPSRITBHQL) 
Frac t ion C (Table XII , F ig . l ) was found to contain 
(-)-limonene and an alcohol, which was i so la ted by f r ac t iona l 
d i s t i l l a t i o n under reduced pressure . The alcohol was identified, 
9-s (-) -Gis--p-mentha-l,8-dien-3-ol ( i sppiper i tenol) (XLI). The 
pur i f ied sample had, 
b-Li, 89.5-91.0°; n ^ , 1.4840; d ^ , 0.9457 
/ 30 o r_/l30 o 
o< jj , -72.47^^;^^) , -76.63°; 
%D ~ 46.03 (Calculated for CXQHISO = 46.77) 
Analysis ^QH^gO : Calcd. % t Cyg^g %o.59 
(152.23) Foxmd : 78.02 11.10 
Infrared spectrum (Fig. 6) . 3448-3333 (s) , 2976 (sh) , 2941 ( s ) , 
2857 ( sh ) , 1961 (w) , 1712 (w) , 1645 (m) , 1466 (sh) , 1449 (m) , 
1372 ( s ) , 1325 (w) , 1218 (w) , 1196 (m) , 1183 (sh) , 1161 (w) , 
1122 (broad sh) , 1105 (m) , 1058 (w) , 1026 (w,sh) , 1007 (m) , 
1002 (sh) , 989.6-967.3 (w) , 949.7 (m) , 922.3 (sh) , 905.3 ( s , s h ) , 
897.1 ( s , s h ) , 888.4 (vs) , 832.7 (w) , 815.9 (v7>, 737.4 (m) . 
The alcohol did not y ie ld any c r y s t a l l i n e de r iva t ive . 
Ozonisation of cis-p-Mentha-1«8-dien-3-ol 
The assembly consisted of the ozoniser, a t r a p , the ozoni-
sat ion f l a sk , a t rap and another f lask containing ac id i f ied 
potassium iodide solution (60 ml of 10 per cent potassium iodide 
solut ion + 12 ml of 5 per cent sulphuric ac id ) . 
I sppiper i tenol (2 g) in 50 ml of dried carbon t e t r ach lo r ide 
was taken in the ozonisation f lask and cooled ' in ice-calcium 
chloride mixture. Ozonised a i r was bubbled through the solut ion 
at a r a t e of 7 l i t r e s per mxnuTse, i;xxx loaxrie was xioerated 
from the potassium iodide solut ion. The passage of a i r was 
then stopped, the contents of the ozonisation f lask were 
brought t o the room temperature and t ransfer red t o a round-
bottom f lask . The solvent was removed under reduced pressure 
and the ozonide was decomposed by refluxing with water for 
30 minutes. The aqueous layer gave a pos i t ive t e s t for 
aldehyde (Tol len ' s reagent ) . Formaldehyde was iden t i f i ed 
through paper chromatography. S & S Fo.2043 paper v/as usedj 
cyclohexane (hal f -sa tura ted with dimethyl formamide) was 
employed as solvent and 2,4-dinitrophenylhydrazine solut ion 
was sprayed to locate the spots. No acetone was detected. 
The aqueous layer of the ozonide decomposition product 
was t r ea ted with sodium bicarbonate (effervescence). The 
solut ion was extracted v/ith e ther . The aqueous par t was 
then t r ea ted with cold 5 per cent sulphuric acid and extracted 
with e ther . The e thereal solut ion was dried (anhydrous sodium 
suj.phate) and the ether d i s t i l l e d off. The residue was 
iden t i f ied as formic acid by paper chromatography of i t s 
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ammonium salt. Kthanol/ammonia (100:1) was used as solvent 
and diazotised-i.--nitroaniline, followed by 15 per cent aqueous 
399 
sodium carbonate solution as spray reagent (Fig.25). 
Hydrogenation of (~)-cis--i)--Mentha-l<.8-dien-3--ol 
(Preparation of (-)--rleoisomenthol) (XLIVa) 
Isopiperitenol (5 g) in ethyl acetate (50 ml) was shaken 
with Pt(02) (0.25 g) in hydrogen atmosphere in a Paar's low-
pressure apparatus at 40 psi and room temperature. Two mole 
equivalents of hydrogen was taken up, about 90 per cent of which 
was taken up in fifteen minutes. 
S O L V E N T PROMT 
V ! 
Fig.25.Paper chromatogram of formic acid (from ozonolysls of 
"Ts op ip e r i t e n"oll ~~™ "" " 
Solvent ethanol/ammonia (100:1)5 (A) Formic acid; 
(B) Acid from ozonolysis. 
W A V E L E N G T H C M I C H O N S ) 
Fig.26 IR spectrum of 3.5-dinitrobenzoate of h:/dro-
^q;enated product of C-)-isopiperiterxol 
' ig .27 IR spectrum of (-)-neoisomenthyl-3^5-dinitro-
benzoate 
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The solution was filtered through a sintered glass 
funnel to remove the catalyst. Ethyl acetate was distilled 
off and the residual product was distilled under reduced 
pressure, 
b4^5, 75.5-76.0°; n^^ , 1.4539; d|o j 0,9043; 
25 
b^3D J -3.864 (CgHgOH, C = 2.3775 per cent); 
RMD = 46.77 (Calculated for CioH200=47,70), 
Analysis CIQB2QO'. Calcd. % : C^g^gS %2.90 
(156.26) Found : 76.53 12.37 
Infrared spectrum (Fig .9) . 3425-3367 (s) , 2941 (s) , 2874 (sh) , 
1727 ( sh) , 1718 (w), 1464 (m) , 1447 (m) , 1385 (s) , 1370 (s) , 
1350 ( sh ) , 1297 (w) , 1285 (w) , 1269 (w) , 1232 (m) , 1176 (sh) , 
1166 (m), 1124 ( s ) , 1055 (w) , 1003 (sh) , 1000 (m) , 986.3 (m), 
979.5 ( sh ) , 939.8 (w) , 927.3 (w) , 909.1 ( s ) , 854.7 (w) , 720.2 (w). 
Preparat ion of neoisoaenlfa/l-S^S-dinitrobenzoate 
About 0 .5 g of XLIVa was gently refluxed with 1 g of 
3,5-dini trobenzoylchloride and 3 ml of dry pyridine for 1 hour. 
The cooled mixture was taken up in e the r , washed successively 
with 2 per cent sulphuric acid, 5 per cent aqueous sodium 
hydroxide solution and f i na l l y with d i s t i l l e d water. The 
e thereal solut ion was dried over anhydrous sodium sulphate , 
e ther evaporated and the semi-solid der iva t ive r e c r y s t a l l i s e d 
from ethanol . Tv;o 3,5-dini trobenzoates were obtained, of which 
der iva t ive i i separated out f i r s t . 
i ) m. 80.5-81,5°i.<^jQ , 0.0 (CHGI3, G=1.028 per cent) 
Analysis C-L^ EggOgNgS Calcd. %-. C^g^g^ Hg^gg Ng^ QO 
(325.43) Found : 58.36 6.21 7.79 
) ""y»o 
58.27 ^6*33 
58«29 6.30 
^8.00 
8«01 
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i i ) m. 107-108°jH^"^*^, -5.2° (CHCI3, C=1.153 pe r cent) 
( r e p o r t e d , 100 .5 -101° , \o<.]^ 
(GHCI3, C=2 per c e n t ) ^ ^ . 
Ana lys i s C,„H OgN„: Calcd. %: C 
(325.43) Foxmd : 
I n f r a r e d s p e c t r a i ) ( F i g . 2 6 ) . 3436 (m) , 3106 (w) , 2933 (s) , 
2857 (m) , 1727 (s) , 1637 (s) , 1608 (w) , 1550 (s) , 1468 (m), 
1449 (n^sh) , 1387 (m) , 1372 (sh) , 1346 (s) , 1332 (sh) , 1307 (sh) , , 
1290 ( s ) , 1274 ( s ) , 1266 (sh) , 1236 (m) , 1233 (sh) , 1175 ( s ) , 
1151 ( s ) , 1111 ( s ) , 1096 (m), 1076 ( s ) , 977.7 (sh) , 972.2 (w) , 
935 .2 ( s h ) , 930.1 (sh) , 925.9 6 m), 909.2 (sh) , 869 .6 (sh) , 
860 .6 ( s h ) , 853 ,9 (m) , 838.8 (sh) , 830.7 (w) , 799.4 (w) , 787.4 (w) , 
775 .5 (w) , 753.8 (m) , 733.1 (s) , 721.9 (s) . 
i i ) ( F i g . 2 7 ) . 3425 ( s ) , 3106 (w) , 2933 (m) , 2857 (sh) , 1724 (s) , 
1637 (m) , 1600 (sh) , 1550 (s) , 1462 (sh) , 1447 (w) , 13^5 (sh) , 
1374 ( s h ) , 1344 ( s ) , 1330 (sh) , 1302 (s) , 1284 (s) , 1269 (s) , 
1235 (m) , 1193 (w) , 1175 (s) , 1149 (s) , 1089 (sh) , 1083 ( s h ) , 
1075 (w) , 1055 ( s h ) , 1033 (w) , 987.4 (w) , 974.9 (w) , 942 .5 (w) , 
919 .5 (w) , 868.8 (w) , 843.0 (w) , 834.2 (sh) , 828.2 (w) , 795.5 (sh) , 
787.0 (w) , 775.2 (w) , 751.9 (w) , 730.9 (s) , 720.2 ( s ) . 
Of t h e s e , t he more so lub le d e r i v a t i v e ( i ) could not he 
c h a r a c t e r i s e d . 
Oxidat ion of ( - ) - •c is-p-Mentha~l ,8-dien--2-ol 
( P r e p a r a t i o n of I sop ipe r i t enone ) • 
I s o p i p e r i t e n o l (4 g) was d i s so lved i n g l a c i a l a c e t i c ac id 
(:^ ml) and t o t h i s was added a s o l u t i o n of 6 g sodium dichrornate 
i n 20 ml of g l a c i a l a c e t i c ac id and a few drops of wa te r . The 
mixture was heated (70°) over wa te r -ha th f o r two hou r s . The 
I l l 
reaction mixture was diluted with water, neutralised with 
sodium bicarbonate solution and extracted with ether. The 
ethereal solution was dried over anhydrous sodium sulphate 
and the ether was distilled off. The oily product was 
distilled under reduced pressure, 
bg^g , 100-104.0°; np° , 1,5113; d^ ^ , 0.9665; 
RMD - 46 .49; (Ca lcu la ted fo r G10H14O = 45.26)-
Analys i s OJ^QH^^^G: Calcd. fo s C^g^g^ Hg^gg 
(150.232) Found : 80.30 9.59 
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U l t r a v i o l e t spectrum (Fig , 7 ) . Amax. 244 mja ( log £. =3.80) 
and 278 m.]i ( log ^ = 3 . 7 0 ) . 
I n f r a r e d spectrum (Fig .8) . 3012 (sh) , 2933 (s) , 2865 (sh) , 
1712 (m) , 1664 ( s ) , 1647 ( s h ) , 1621 (s) , 1437 ( s ) , 1377 (s) , 
1366 ( s h ) , 1323 (w) , 1295 (s) , 1289 (sh) , 1263 (w) , 1211 (s) , 
1175 (w) , 1129 (w) 5 1071 (m) , 1038 (w) , 1018 (w) , 1002 (w) , 
977.7 (w) , 873.4 (m) , 816 .5 (w) , 773.3 (w). 
P r e p a r a t i o n of 2 ,4 -d in i t ropheny lhydrazone of i s o p i p e r l t e n o n e 
I s o p i p e r i t e n o n e (about 0»25 ml) i n e t h a n o l i c s o l u t i o n 
was t r e a t e d wi th e t h a n o l i c 2 , 4 - d i n i t r o p h e n y l h y d r a z i n e s o l u t i o n 
(H^SO^), The d e r i v a t i v e was separa ted by f i l t r a t i o n and 
r e c r y s t a l l i s e d from d i l u t e e t h a n o l , m.118-120° ( r e p o r t e d , 
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125.5-1260 and 184-184.5°) 
Analys is G^gH^gO^N^: Calcd. % : Ggg^^^H^^^g W^g^gg 
(330.34) Found s 58.03 5 .31 16.87 
393 I s o m e r i s a t i o n of ( - ) - c i s -p -men tha - l«8 -d i en~3-one t o thymol 
I s o p i p e r i t e n o n e (0»5 g) was re f luxed wi th 10 pe r cent 
Pd(C) - c a t a l y s t (0 .2 g) f o r 3 .5 hou r s . The product had a 
d i s t i n c t smell of thymol. I t was t aken up in e t h e r , from which 
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it could not be extracted in aqueous sodium hydroxide solution. 
The isomerlsation product was identified as th^ '^ mol by paper 
chromatography over Whatman No.l filter paper impregnated with 
4 per cent aqueous sodium carbonate solution. The isomerlsa-
tion product and the reference substance thymol were 
chromatographed as their sulphanilic acid dyes prepared 
400 
in situ . Water-saturated methylethyl ketone was used as 
solvent (Fig.28). 
SOLVENT FRONT 
oo 
Fig.28 Paper chromatogram of isomerisation 
product of isopiperitenone 
Solvent water-saturated methyl ethyl 
ketone; (A) Isomerisation product, 
(B) Thymol. , 
(-) -Cis-P-1^ 1SITOHA-1(7) .8-DIBH-2-0L CiSOPERILLYL ALCOHOL) 
Fractions D and E (Table XII, Fig«l) were foimd to 
contain (+)-carvone, (-) -cis-p-mentha-l(7) ^ 8--dien-2-ol (XLII) 
(both identified subsequently in fraction F) and (-j-isppiperi-
tenol on thin-layer chromatography and were not examined 
separately. Fraction F (Table XII, Fig.l) was found to contain 
(+)~ca3?vone besides aji alcohol, which was later identified as 
(-) -cis-p-mentha-l(7) ,8-dien-2-ol (XLII). Fraction F \jas washed 
free of carvone by stirring with a saturated solution of sodium 
sulphite. The residual alcohol was converted to its SjS-dinitro-
benzoate by refluxing with 3,5-dlnltrobenzoyl chloride in 
presence of pyridine for 1 hour ant then washing the derivative 
successively v/ith dilute sulphuric acid, aqueous sodium hydroxide 
solution and then v/ith water. 
The recrystallised (-)-cis-p-mentha-l(7) ,8-dien-2--yl--3^ 5-
dinitrobenzoate (30 g) was refluxed in methanol (250 ml) with 
10 per cent aqueous potassium hydroxide solution (75 ml) for 
1.5 hours. The methanol was then removed and the reaction 
mixture diluted with water to obtain pure (-)-cis-p-mentha-
1(7),8-dien-2-ol which was redistilled under reduced pressure. 
It had 
b-[_g , 127-128.0°-, n^^ , 1,4864-, d^ , 0.9366-, 
^ 2 7 . 5 ^ _76.77°5 \o<j^^*^, - 8 1 . 7 9 ° ; 
RMD = 46.04 (Ca lcu la ted f o r C]_QH-LQO = 46.77) 
Analys i s C^Qfl^ LgO: Calcd. foi Cyg^gg % 0 . 5 9 
(152.23) Foimd : 78.78 10 .83 
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i l l t r a v i o l e t spectrum (Fig.29) . A max. 230 mp. ( l og £ =2.3044) 
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?) MAX. 2X> imji 
LOG e . 2 . 9 0 4 4 
2 0 0 lO 20 30 4 0 50 6 0 TO 6 0 9 0 3 0 0 lO 2 0 l O 4 0 SO « 0 
W A V E L E N G T H C * M ^ } 
Fig. 29 UV spectrum of (-)-cis-p-mentha~l(7) ^ 8-dien-
2-0I (isoperlllyl alcohol) 
4 0 0 0 3 0 0 0 2 0 0 0 1500 C M - 1 lOOO 9 0 0 9 0 0 
7 e 9 10 II 
W A V E L E N G T H ( M I C R O N S ) 
13 U tS 
Fig . 30 IR spectrum of (-)~cis-p-mentha-l(7) .8-Men 
2-yl-aGetate 
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I n f r a r e d spectrum ( F i g . 1 0 ) . 3413 (s) , 3086 (w) , 2941 ( s ) , 
2857 (sh) , 1647 (m) , 1453 (m) , 1437 (m) , 1414 (w) , 1374 (w), 
1319 (w) , 1285 (w) , 1235 (v;) , 1144 (w), 1083 (s) , 1031 (w) , 
1018 (m) , 1008 (vw) , 982.8 ( s ) , 952.4 (w) , 903.0 (sh) , 891 .4 (vs) , 
862 .8 (w) , 801 .7 (w) , 768 .1 (w). 
Preparation of (-)-cis-o-mentha-l(7),8-dien~2-yl-3,5-
dlnitrobenzoate 
Prepared by refluxing about 0.5 ml of '.XLII! with 3>i.5-
dinitrobenzoylchloride (1 g) in pyridine. The derivative was 
washed successively with dilute sulphuric acid, aqueous sodium 
hydroxide solution and with water. It was then recrystallised 
from ethanol, m. 77-78° , L°<] |^ , -35.72° (CHCI3, C=1.0087 per 
cent), [-^ Klsyo ,-39.74° (CHCI3, C=1.978 per cent. 
Analys i s Ci^HigOg^ * ^ ^ 1 ° ^ ' ^- ^58.95 % . 2 4 ' % . 0 9 
(346.33) Found ; 59.00 5,24 8 .05 
I n f r a r e d spectrum ( F i g . l 5 ) . 3414 ( s ) , 3077 (w)', 2933 (w) , 
2857 ( s h ) , 1727 (s) , 1667 (sh) , 1650 (sh) , 1634 (s) , 1600 (w) , 
1541 ( s ) , 1456 (m), 1439 (m) , 1342 (s) , 132B ( s h ) , 1269 (s) , 
1250 ( s h ) , 1164 ( s ) , 1148 (m) , 1081 (sh) , 1074 (m) , 1014 (w) , 
1000 (w), 961.5 (w), 938.9 (m) , 917,7 (m) , 905.3 (sh) , 892 .9 (sh) , 
847 .9 (w), 826 .4 (w) , 774.6 (w) , 729,9 (s) , 720.2 ( s ) . 
P r e p a r a t i o n of o<-naphthylamine adduct of t h e ( - ) - c i s - p - m e n t h a -
1 ( 7 ) , 8 - d i e n - 2 - y l - 3 . 5 - d i n i t robenzoate 
A s a t u r a t e d s o l u t i o n of o<-naphthylamine i n e t h e r was 
added t o an e t h e r e a l s o l u t i o n of the ( - ) - c i s - p - m e n t h a - l ( 7 ) . 8 -
d i e n - 2 - y l - 3 , 5 - d i n i t r o b e n z o a t e . The r e s u l t i n g orange coloured 
s o l i d was separa ted by f i l t r a t i o n and r e c r y s t a l l i s e d from 
e t h a n o l , m . l l l - lH , . 5° , 
Ana lys i s C27H270gN3 -. Calcd. fos Cgg^^S % . 5 6 2 ^8.586 
(489.516) Found : 66.00 5.68 8.855 
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Preparation of (-)~Gls-p-mentha~l(7) ,8--dien-2-.yl-acetate 
(-)-cis-E.-Mentha-l(7) ,8-dien-2-ol (12 g) was gently 
refluxed for 3 hours over a sand-bath with acetic anhydride 
(25 ml) and fused sodium acetate (2.5 g). Distilled water 
(50 ml) was then added to the reaction mixture and it was 
heated for 0,5 hour over water-bath with occasional shaking 
to decompose excess of acetic anhydride. The acetylated oil 
was taken in a separating funnel and washed successively with 
saturated sodium crdoride solution and water till the washings 
were neutral to litmus. The acetylated product was dried over 
anhydrous sodium sulphate and distilled under reduced pressure. 
It had 
^5.6 > 97-98^5 n^^ , 1.4709^ d^ , 0.9606; 
^f , -30.46°; H f , -31.77°; 
RMD = 56.54 (Calculated for CiaHigO = 56.018) 
Analysis C^2%8^' ^^^^^' *^ ^74.19 -^ 9.34 
(194.26) Found ; 74.53 8.98 
Infrared spectrum (Fig.30). 3096 (w) , 2933 (sh) , 2849 (w) , 
1721 (s), 1653 (w) , 1645 (m) , 1449 (w) , 1435 (m) , 1355 (s), 
1235 (s), 1143 (m) , 1074 (m) , 1042 (w) , 1029 (sh) , 1018 (m), 
1004 (m,sh), 970.0 (m) , 949.7 (w) , 931.9 (sh) , 907.6 (m), 
891.4 (m) , 849.4 (w) , 800.7 (w) . 
Ozonisation of (-) ycis-p-Mentha-l(7) .y8--dien-2-ol 
(-)-Gis-p-Hentha-l(7).8-dien-2-ol (0.2718 g) dissolved 
in 25 ml dry carbon tetrachloride was taken in the ozonisation 
flask. A stream of ozonised air was bubbled through the chilled 
solution at a rate of 2 litres per minute. After the reaction 
was over the contents were transferred to a round-bottom flask. 
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The solvent was removed under reduced pressure and the pale-
yellow gelatinous ozonide v;as decomposed by refluxing with 
20 ml of water for 30 minutes. The contents were distilled 
394 '•:•'-';.• 
in a flask cooled in ice-bath . The distillate was treated 
with a solution of 1 g dimedone in 50 per cent ethanol, heated 
over water-bath for 10 minutes and was kept aside. . The shiny 
crystals of dimedone-formaldehyde adduct separated out. The 
_ _ 394 
adduct v/as filtered and dried, m.l87" (reported, 185-186") 
Yield, 0,4316 g equivalent to 0.826 mole of formaldehyde 
(Required for two moles, 1.045 g), 
Oxidation of (-) -cis-p-Mentha-l(7) ,8-dien-2-ol to Pej?illaldehyde 
p-Mentha-l(7),8-dien-2-one and Perillic acid ' 
(-) -cis-B,-Mentha-l(7) ,8-dien-'g-QL(5 g) was dissolved in 
37.6 ml of glacial acetic acid and to this was added a solution 
of 7.5 g of sodium dichromate in 25 ml glacial acetic acid 
and a few drops of water. The reaction mixture was heated 
over water-bath (70°) for 1 hour. It was then diluted -with 
water, neutralised with sodium carbonate solution and extracted 
with ether. The ether extract was dried (anhydrous sodium 
sulphate) and the ether removed. The residual product was 
distilled under reduced pressure. It had 
b7 , 110-116°; n^ , 1.5016; d^ , 0.9472 
The product gave a posi t ive t e s t for an aldehyde 
(Tollen' s reagent) , "which was iden t i f i ed as per i l la ldehyde 
and found t o cons t i tu te about 19 per cent of the oxidation 
product through gas- l iquid chromatography (Fig.31) . 
Preparat ion of 2,4-dinitrophenylhydrazone of per i l la ldehyde 
Prepared by t r e a t i n g about 0,25 ml of oxidation product 
with an e thanol ic solut ion of 2,4-dinitrophenylhydrazine (H23O4 
1 
V.' 
TMC m MDvres 200 O 20 30 «0 SO 60 70 BO 90 300 lO 20 30 40 SO 
WAVELENGTH Cw^ 5 
Fig. 31 GLG of oxidation product Fig.32 UV spectrum of ( - ) -p -
of C-)-cis-p-mentha-lC7j"..8- mentha-K?) ,8-dien-2-one 
dien-2-ol 
Column 6' 20;^ i polypropylene-
glycol sebacate on c e l i t e 545 
(100-120 mesh); Temp.150°; 
Carrier gas N2} Flo^ w rate 
2 lit/hr; 0.press.224 mm; 
Recorder speed 6 in/hr. 
WAVELENGTH (MICRONS) 
Fig.33 IR spectrum of carvomenthyl-3,5-dinitrobenzoate 
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U l t r a v i o l e t spectrum ( F i g . S 2 ) . 7\ max. 236 m)i ( log £ = 3.8055) 
I n f r a r e d spectrum (Fig.14); . 3145 (w) , 2976 (m) , 1706 ( s h ) , 
1675 (s) , 1608 (m^sh) , 1441 (m) , 1431 (m) , 1379 (w) , 1361 (w) , 
1166 (¥) , 1095 (w) , 1075 (V) , 1058 (w) , 1044 (w) , 1027 (w) j 
939.8 (x^ 0 5 892,9 ( s ) , 799.4 (w) . 
P r e p a r a t i o n of 2^4-d ln i t rophenylhydrazone of P"mentha~ l (7 ) ,8 -
d ien-2-one 
XLVII (0 .25 ml) was t r e a t e d wi th an e t h a n o l i c s o l u t i o n 
of 2 , 4 - d i n i t r o p h e n y l h y d r a z i n e (H2SO4), The d e r i v a t i v e was 
sepa ra t ed by f i l t r a t i o n and r e c r y s t a l l i s e d from e t h a n o l , 
m.134-135°. 
Ana lys i s O-^QE-^^O^N^.I Galcd.^t : C^g^^^^ E^^^Q ^16,Q6 
(330.34) Found : 58,23 5.36 16.78 
Hydro vena t ion of (-) -cis-p-^Mentha"l(7) , 8 - d i e n - 2 - o l 
( P r e p a r a t i o n of (-)-Carvqmenthol) 
( - ) - G i s - p - M e n t h a - l ( 7 ) ^ 8 - d i e n - 2 - o l (5 g) i n e t h y l a c e t a t e 
(50 ml) was shaken wi th Pt(!02) (0 .25 g) i n hydrogen atmosphere 
i n a P a a r ' s low-pressure appara tus a t 40 p s i and room tempera-
t u r e . Two mole equ iva len t s ' of hydrogen was taken up , 90 per 
cent of which was taken up i n 15 minutes . The c a t a l y s t was 
removed hy f i l t r a t i o n through a s i n t e r e d g l a s s funne l . E thy l 
a c e t a t e was d i s t i l l e d off and the product was d i s t i l l e d under 
reduced p r e s s u r e . I t had 
o 30 ' 30 
h i i , 96-98 5 nD j 1.4592 ; dao , 0 .9020; 
i 
o < f , „ i g . o « ; ; l^]f , - 1 7 . 6 3 ° ; 
RMD = 47.0 (Ca lcu la ted fo r C10H20O = 47.7) 
i 
Analys i s O^QH^QO : Calcd. % : C^g^gg ^12.90 
(156.26) Foimd : 76.78 12.89 
122 
I n f r a r e d spec t r im ( F i g , 1 2 ) . 3378 ( s ) , 2907 (s) , 284.1 (sh) , 
1449 (m) , 1370 (w) , 1351 (v^ ) , 1269 (w) , 1190 (w) , 1163 (w) , 
1136 (w) , 1092 (w) J 1074 (v^ ) , 1066 (vw) , 1052 (¥ , sh )5 1035 (m) , 
1024 (sh) ; , 1006 (m), 984.6 (w) , 965.4 (v/) , 956.0 (w) , 931,0 (w). 
P r e p a r a t i o n of carvomenth.yl;~3^5-dinitrobenzoate 
Prepared by ref luxlng: ( - ) -carvomenthol (0 ,5 ml) w i th 
3 , 5 - d i n i t r o b e n z o y l ch lo r i de (1 g) i n p y r i d i n e (4 ml ) . The 
d e r i v a t i v e was washed success ive ly wi th d i l u t e s u l p h u r i c a c i d , 
aqueous sodiujn hydroxide s o l u t i o n and then wi th wa te r . I t was 
r e c r y s t a l l i s e d from e t h a n o l , m.106-107°; [ K ] | ^ J -53.76°(CHCl3, 
C = 1.86 p e r c e n t ) ; [ °< ]Pg , . -59 .7° (CHCl3 , C = 0 .66 p e r cent) 
( r e p o r t e d , 107°; [o< j J^ , -^  52?48' (CHC33 , C = 2 p e r c e n t ) ^ ^ . 
Analys i s G-^ ^HggOgNg J : Calcd. %x ^^,21 % . 3 3 % . 0 0 
(350.76) Found : 58 .45 6.09 7 .93 
I n f r a r e d spectrum (Fig . 3 3 ) . 3425 (s) , 3106 (w) , 2558 (m) , 
2857 ( s h ) , 1727 (s) , 1634 (m) , 1603 (w) , 1550 (s) , 1464 (w) , 
1389 ( s h ) , 1370 (sh) , 1344 ( s ) , 1330 ( s h ) , 1307 (sh) , 1280 (s) , 
1170 ( s ) , 1157 ( s h ) , 1131 (w) , 1091 (w) , 1075 (w) , 1029 (w) , 
990.1 ( s h ) , 980,4 (v/) , 925.9-918.6 (m) , 840.5:-827.5 (w) , 
784 .2-773 .9 (w) , 729.9 ( s ) , , 7 2 0 . 2 (s) . 
The mother l i q u o r gave a f u r t h e r q u a n t i t y of 3 , 5 - d i n i t r o -
benzoa te , m.80-85° ; [ o < ] ^ , , -12 .79° (CHCI3, C = 1.876 p e r cent) 
T h i s , on a s i l i c a gel G p l a t e r e so lved i n t o two spo t s 
u s ing benzene/petroleum e t h e r (60-80°) (1 ;5 :1) as so lven t and 
1 pe r cent o<.-naphthi?-lamine tas the spray ( F i g . 1 8 ) . The two 
d e r i v a t i v e s could not be separa ted by f r a c t i o n a l c r y s t a l l i s a t i o n . 
The g a s - l i q u i d chromatogram of the hydrogenat ion product a l s o 
showed two peaks . The smal le r peak (about 17 per cent) i s 
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probably because of the isjocarvofflenthol (Fig.17) . The lower 
melting 3,5-dinitrobenzoate probably contains some isocarvo-
menthyl-3,5-dinitrobenzoate a l so . 
Oxidation of (-)-Garvomenthol to (-)--Garvomenthone 
(-)-Carvomenthol (5 g) was dissolved in 37.5 ml of 
g lac ia l ace t i c acid. To t h i s was added a solut ion of 7.5 g 
of sodium dichromate in 25' ml of g lac ia l ace t ic acid and a 
few drops of water. The react ion mixture was heated over 
water-bath (70°) for 1 hour. I t was then di luted with water, 
neu t ra l i sed with sodium carbonate and the o i l layer was 
extracted in e ther . The e thereal solut ion v/as dried over 
anhydrous sodium sulphate and the ether was removed. The 
res idual product was d i s t i l l e d under reduced pressure . I t had 
bg , 81-82.0°; n^^ , 1.4516; d ^ , 0.9001; 
- < f , -7 .58°; [o<3f, -8 .41° ; 
RMD = 46.70 (Calculated for CxoHigO = 46.191) 
Analysis G^ QH-j^ gO: Oalcd, %: C^y^gg %x 76 
(154.24) Found : 77.56 11.83' 
Infrared spectrum (Fig. 13). 2933 (s) , 2841 (s) , 1704 (s) , 
1600 (w) , 1451 (m) , 1416 (w) , 1376 (sh) , 1369 (m) , 1305 (w) , 
1256 (w) , 1233 (w) , 1212 (i/) , 1192 (w) , 1174 (w) , 1163 (w) , 
1116 (w) , 1087 (w) , 1026 (w) , 1012 (w) , 995.5-978.6 (w) , 
912.9 (w) , 814„6 (w). 
Preparat ion of 2,4-dinitrot)henylh,ydrazone of carvomenthone 
Garvomenthone (0.25 ml) in ethanol was t r ea ted with 
e thanol ic solution of 2,4-dlni trophenyl hydrazine (H2SO4). The 
der ivat ive was separated by f i l t r a t i o n and r e c r y s t a l l i s e d 
L24 
from e t h a n o l , m.l44° ( r e p o r t e d , 143 .5-144°)^^^ . 
I 
Analys is 0J_G^^22^4:^4 '' ^ ^ 1 ^ ^ ' '^' % 7 . 4 8 % . 6 3 3 % 6 . 7 6 
(334,376) i Found : 57.95 6.276 16.59 
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(+) ~GAaVOI@ 
('3")-Carvone, i s o l a t e d flrom f r a c t i o n F (Tab le X I I , F i g . l ) 
was p u r i f i e d on a s i l i c a g e l ' (S .Merck , \mder 0 . 0 8 mm) column, 
u s i n g e t h y l a c e t a t e / b e n z e n e (25 :75 ) a s s o l v e n t . The e l u t e d 
f r a c t i o n s were ch roma tog raphed ove r s i l i c a g e l G p l a t e s u s i n g 
t h e above s o l v e n t and t h e f r a c t i o n s c o n t a i n i n g o n l y c a r v o n e 
were combined t o g e t h e r . The s o l v e n t was r e c o v e r e d and c a r v o n e 
d i s t i l l e d u n d e r r e d u c e d p r e s s u r e . I t had 
bg , 9 0 - 9 1 . 0 " ; n'^ , 1 . 4948 ; d ^ , 0 . 9 5 3 6 j 
o < 2 7 . 6 ^ + 1 9 , 3 6 0 .j^^-j27.5^ + 2 0 . 2 6 ° ; 
% Q = 4 5 . 9 6 ( C a l c u l a t e d f o r C10H14O = 4 5 . 2 6 ) 
A n a l y s i s C-|_o"%40 t Ca lcd . /o t C-^g^gg Hg^ ggg 
(150 .232) Found ; 8 0 . 1 7 9 . 2 8 3 
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u l t r a v i o l e t spec t rum ( F i g * 5 ) . A max. 236 mji ( l o g £ •= 4 ,8145] 
I n f r a r e d spec t rum ( F i g . 3 ) . 3 i 2 5 (w) , 2941 ( s ) , 2857 ( s h ) , 1667 (^  
1647 (m) , 1453 (m) , 1435 (m) , 1366 (m) , 1264 (w) , 1241 (m) , 
1176 (w) , 1167 (v/) , 1142 (w) , 1115 (m) , 1062 (w) , 959 .7 - (w) , 
8 9 7 . 9 ( s ) , 8 1 7 . 8 (w) , 8 2 3 . 9 (w) . 
P r e p a r a t i o n of 2 ^ 4 - d i n i t r o p h e n y l h y d r a z o n e of c a r v o n e 
Carvone ( 0 . 5 ml) i n e t h y l a l c o h o l was t r e a t e d w i t h - e t h a n o l i c 
s o l u t i o n of 2 , 4 - d i n i t r o p h e n y i h^/draz ine (H2SO4) . The d e r i v a t i v e 
was s e p a r a t e d by f i l t r a t i o n ^nd r e c r y s t a l l i s e d from e t h a n o l " 
n / ON 4 1 0 
b e n z e n e m i x t u r e , m. 1 8 7 - 1 8 8 ^ ( r e p o r t e d , 189*^) 
A n a l y s i s 0 ^ ^ ^ ^ ^ : C^ lcd . ^t C^^^^^ H^^.^^ N^^^^^ 
( 3 3 0 . 3 4 ) Found s 5 8 . 1 8 5 . 8 1 7 1 6 . 3 9 
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Preparation of phenylhydra^one of carvone 
Carvone (0,5 g) was dissolved in ethanol and to this a 
solution of phenylh^drazine hydrochloride (1 g) and sodium 
acetate (1.5 g) in 10 ml of water was added. Enough ethanol 
was added to effect a clear solution. The reaction mixture 
: 
I 
was heated over water-bathifor 30 minutes, and then cooled 
in an ice-ha th . The separated der ivat ive was r e c r y s t a l l i s e d 
411 from ethanol , m.l07-108°(reported, 109-110°;. 
i 
Preparat ion of hydrogen sulphide adduct of carvone 
The carvone r ich f rac t ion (20 ml) was dissolved in 5 ml 
of ethanol and 1 ml of ammonia was added t o t h i s solut ion. 
Hydrogen sulphide gas X'/as'^ 'ttubbled through t h i s mixture. The 
so l id addit ion product was f i l t e r e d under suction and recrys ta l -
l i s e d from methanol, m.210-211°; [^JD"^ , +45.87° (CHCI3, 
C = 0.872 per cent) (reported, m.210-211°; t<:] J^ , + 48°43' 
(CHCI3, C = 0.6 per cent) , also 224-225°)^•^^. 
Analysis G2QH30O2S: Cdlcd. ^ : 07-^^33 Hg^^^g 
(314o506) Found : 71.68 9.031 
Decomposition of the hydrogen sulphide adduct of carvone 
The hydrogen sulphide adduct (10 g) was dissolved in 
ethanol (15 ml) and v/as refiluxed with 2 g of sodium hydroxide 
for 2 hours. The react ion mxtu fe v/as then taken in e ther 
and washed free of a l k a l i with \yater. The e therea l solut ion 
was dried over anhydrous sqdium sulphate and the ether v/as 
d i s t i l l e d off. The pure (+)-carvone was obtained in 33 per 
cent y i e ld . 
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B'raction G (Table XII, F ig . l ) was found to be f a i r l y 
pure ( + ) - p e r i l l y l alcohol froia i t s gas- l iquid chromatography. 
I t was fur ther pur i f ied by f rac t iona l d i s t i l l a t i o n . (+ ) -Pe r i l l y l 
alcohol thus obtained had '•• 
bg , 94-95.0°; nrj ., 1.4971-, dgQ , 0.9448; 
O(Q^ , + 24.46°; M D ^ > + 25.89°; 
RMD = 47.15 (Calculated for CioHigO = 46.77) 
Analysis CJ^ QH-^ QO : Galcd. foi C-^ g^gg %0.59 
(152.23) Found : 78.79 10.38 
Ul t rav io le t spectrum (Fig.34) . 7v^  max. 212 m)i (log £ = 2.4496) 
and 234 mp (log £ = 2»2795). 
Infrared spectrum (F ig . l l ) . 3390 (m) , 3077 (w) , 2907 (m) , 1637 (w) , 
1441 (m) 5 1429 (m) , 1389 (w) , 1364 (w) , 1117 (w) , 1085 (w) , 
1070 (w) , 1049 (w) 5 1030 (w) , 1009 (w) , 960.6 (w) , 937.0 (w) , 
888.4 ( s ) , 850.9 (w), 805.5 (w). 
Preparat ion of perillyl-o<-naphtto'"lurethane 
(+ ) -Pe r i l l y l alcohol (1 g) was dissolved in 5 ml of petroleum 
ether (60-80°) and 1 g of oC-n^phthylisocyanate was added to t h i s 
so lu t ion . The mixture was refluxed over water-bath for 3D minutes 
and then cooled. The r e su l t i ng solid was extracted with petroleum 
e ther (60-80°). On evaporation of the petroleum e ther , the 
der iva t ive was obtained which was r ec rys t a l l i s ed from ethanol , 
m.156-156.5°; [O^JQ^ , + 18.05° (CHCI3, C = 2.216 per cent) 
377 (reported, m.156-156.5°) 
Analysis G2iH2302^ ' iGalcd. %: G78.47 H7^21 ^4^35 
(321.40) Found : 78.45 7.47 4.63 
(90 2 0 0 K> a O 3 O 4 0 5 0 6 0 7 O 8 O 9 0 3 O 0 lO 20 30 4 0 SO 
W A V E L E N GT H C ^ l i i ) 
t ' ig.34 WJ s-pectruiD of (+)--oerll lyl alcohol 
~j 
Fig.35 IR spectrum of (+) -per i l ly l -3 ,5 -d in i t robenzoa te 
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Preparat ion of perlliyi~3,?3"d.inltroDenzoate 
P e r i l l y l alcohol (0,51 ml) was refluxed with 3 ,5~dini t ro-
benzoyl chloride (1 g) andipyridine (4 ml). The der ivat ive 
was successively washed wi|h d i lu te sulphuric acid, aqueous 
sodium hydroxide solution and water. I t was then 
r e c r y s t a l l i s e d from methanol, m.72.5-73,0°. 
Analysis GiyHigOgWgJ Calcd. %\ C58.95 H5^24 %.09 
(346.33) Found : 59.01 5.341 7.75 
Infrared spectrum (Fig. 35).; 3135 (m) , 2976 (m) , 2941 (sh) , 
2882 (w) , 1739 (s) , 1653 (tl) , 1633 (m) , 1600 (w) , 1553 (s) , 
1464-1453 (m) , 1449 (sh) , M12 (w) , 1370 (sh) , 1351 (s) , 
1332 (m) , 1310 (m^sh), 1296-1274 ( s , s h ) , 1253 (m) , 1217 (w) , 
1170 ( s ) j 1139 (w) , 1093 (w) , 1079 (m) , 1031 (m) , 999.1 (m), 
970.9 (w) , 947.9 (sh) , 939.B (w) , 925.9 (m) , 913.8 ( s ) , 
903.8 (m), 881.2 (w) , 847.5': (v/) , 833.3 (w) , 778.7 (w) , 
769.4 (w) , 730.4 (s) , 719.4i ( s ) . 
Preparat ion of ^-naphthylamine adduct of p e r i l l y l - 3 , 5 -
dini trobenzoate 
' • I 
The e therea l solut ions of ( + ) - p e r i l l y l - 3 , 5 - d i n i t r o -
i 
benzoate and c<-naphthylamine were mixed together and the 
r e su l t i ng der ivat ive was r ec ry s t a l l i s ed from ethanol , 
m.99-100°. 
Analysis Cg^Hg^OgNgi Calcd. ;S: Cg^^gg 'H,m2. %.586 
(489.616) ' Found : 66.41 5.447 8.69 
Preparat ion of ^-naphthylamine adduct of p e r i l l y l - 3 , 5 -
dinitrobenzoate 
The e thereal solut ions of ( + ) - p e r i l l y l - 3 , 5 - d i n i t r o -
benzoate and ^-naphthylamine were mixed together . The resu l t ing 
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s o l i d was r e c r y s t a l l i s e d from e t h a n o l , m.103-103.5 . 
i n a l y s i s C^^Hg^OgNg : Cklcd. $-, Cgg^gg H,b^2 ^^8.586 
(489.516) Found : 66.42 5.696 8.605 
Oxidat ion of (• t - ) ' -Peri l lylalcphol ( P r e p a r a t i o n of 
(•b) - P e r i l l a l d e h y d e ) 
( + ) - P e r i l l y l a lcoho l (5 g) was d i s s o l v e d in g l a c i a l I' 
a c e t i c ac id (37 .5 ml) , A soiLution of 6 g sodium dichromate 
i n 25 ml of g l a c i a l a c e t i c abid and a few drops of water was 
added t o t h i s . The r e a c t i o n mixture was heated f o r two hour s ' 
over w a t e r - b a t h (70° ) , I t was then d i l u t e d , n e u t r a l i s e d wi th 
sodium b ica rbona te and the o i l was taken up in e t h e r . The 
e t h e r e a l s o l u t i o n was d r i e d a n d ' t h e e t h e r d i s t i l l e d off. The 
r e s i d u a l product was d i s t i l l e d under reduced p r e s s u r e . I t had 
^5 .4 ' 120-122°; ng , ; i . 5 0 4 2 j d ^ , 0 .9568; 
o<29, * 9 .74° ; [ ^ ] § ® , + 10 .18^ ; 
RjvjD = 46.45 (Ca lcu la ted f o r C10H14O = 4 5 . 2 6 ) . 
Ana lys i s C^o^l4^ ' ^®-^^^- ^- ^79.95 ^^9.393 
(150.232) Pound s 79 .91 9.64 
U l t r a v i o l e t spectrum (F ig . 36 ) . A max. 235 mji ( log £ = 2,8319) 
I n f r a r e d spectrum (Fig . 37) . 3067 (%</), 2933 (sh) , 2915 (s) , 
i • , 
1727 (m) , 1706 (m), 1672 (vs) , 1642 (sh) , 1439 (s) , 1425 ( s ) , 
1406 (sh) , 1368 (sh) , 1359 (s) , 1319 (w) , 1289 (w) , 1255 (sh) , 
1238 (m), 1209 (sh) , 1138 (\j) , 1103 (s) , 1050 (m) , 1042 (m) , 
1022 (w) , 973.0 (sh) , 958.8 (w) , 899 .4 -894 .1 (s) , 798.7 (w) , 
699.9 (w) . : * i i • .-,.-• ' -J' 
P r e p a r a t i o n of 2,4-dinitropI:feriylhydrazoQe of p e r i l l a l d e h y d e 
' . P e r i l l a l d e h y d e (0 ,5 ml) i n e thano l was t r e a t e d wi th 
e tha i io l i c 2 , 4 - d i n i t r o p h e n y l h y d r a z i n e (H2SO4). The d e r i v a t i v e 
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n o 2 0 0 I O 2 0 3 O 4 O S 0 6 O 7 O B 0 9 0 300 K> 2 0 30 4 0 SO 
W A V E L E N G T H C M i * 0 
Fig. 36 UV spectrum of perillaldehyde 
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Fig.37 IR spectrum of perillaldehyde. 
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was sepa ra ted by f i l t r a t i o n and r e c r y s t a l l i s e d from e t h a n o l , 
m.192-193° ( r e p o r t e d , 194-195°)^ . 
Ana lys i s Ci6HlsO#4 ' CSalcd. foi G^g^-j.? ^5^49 N-J_Q^ 96 
(330.34) B'ound : 58.18 5.38 16 .89 
(•>•)-Peril l ic ac id 
The aqueous s o l u t i o n l e f t a f t e r t h e e x t r a c t i o n of 
p e r i l l a l d e h y d e on a c i d i f i c a t i o n wi th cold concen t ra ted hjrdro-
c h l o r i c ac id gave a s o l i d a c i d . This was p u r i f i e d by r e d i s -
so lv ing i n aqueous sodium b ica rbona te s o l u t i o n and ' -regeneration 
wi th cold concent ra ted hydroch lo r i c a c i d . Th i s vjas i d e n t i f i e d 
as ( + ) ~ p e r i l l i c ac id a f t e r r e c r y s t a l l i s a t i o n from d i l u t e 
e thanols m.132-133°, 
(o<]^2, +114.5° (GHOfe , C = 0 . 4 1 9 p e r cent) 
408 ( r e p o r t e d , m.132-133°) 
Ana lys i s 0-^QEJ_^OQ t Calcd. fa'. G^g^gg ^,4B9 
(166.232) Found : 72.28 8.397 
U l t r a v i o l e t spectrum ( F i g . 3 8 ) . Ania2:.226 mji ( log £ = 3.7610) 
I n f r a r e d spectrum ( in chloroform so lu t ion ) (Fig.39) . 3597 (w), 
3067 (m) 5 2907 ( s ) , 2849 (sh) , 2703 (w) , 2653 (w) , 2597 (w), 
2494 (w) , 1672 (s) , 1637 (s) , 1443 (sh) , 1414 (s) , 1368 (w) , 
1302 (m) , 1274 (s) , 1264 (s) , 1159 (w) , 1139 (w) , 1082 (w) , 
1068 (vw) , 1041 (w) , 1005 (vw) , 970.0 (w) , 942.5 (w) , 924.1 (w) , 
895 .6 (m) , 858 ,3 (w) , 696 .3 (w) , 692,0 (w) . 
I90 200 l 0 2 0 3 0 4 O 5 O 6 O X > B O 9 0 300 K> X> 30 40 50 
W A V E L E N G T H CmA J 
Fig. 38 UV,spectrum of W-perilllc acid 
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Fig, 39 IR spectrum of (^)-perillic acid 
(in chloroform solution) 
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PART II 
DETERPENATION OF PALMAROSA OIL BY 
HYDROTROPIC EXTRACTION 
INTRODUCTION 
Palmarosa oil is obtained from the rnotia variety of the 
grass, CymbopO£:on martIni.. Stapf. which grows wild and abundantly 
in many parts of India. It is now also cultivated to some 
extent. Madhya Pradesh, Gujrat, Maharashtra, iindhra Pradesh 
and Mysore are the important producing regions of this grass. 
Palmarosa oil, which is used in perfumes and cosmetics of high 
quality and in the flavouring of tobacco is of commercial 
importance because of its geraniol content (50-95 per cent). 
Oils from Madhya Pradesh and from some parts of Maharashtra, 
Gujrat and Mysore are of a good quality having over 90 per cent . 
of geraniol, "while in general, oils from Andhra Pradesh have 
a lower geraniol content (50-75 per cent). Besides geraniol, 
dipentene forms a m-ajor constituent of the oil, small quantities 
of isovaleraldehyde, methyl heptenone, citral, citronellol, 
1 
farnesd and geranyl atcetate are also reported to be present . 
Palmarosa o i l i s exported in large o^uantities. The 
2 
f igures for the l a s t five years are given in Table I. 
Table I . iixport of Palmarosa Oil 
~~~~ 1958 1959 1960 1961 1962 
Quantity in kg. 46,556 53,091 24,692.5 14,747 20,019 
?alue in Rs. 904,922 1,320,021 991,699 704,667 1,501,011 
Inspi te of the synthetic geraniol which has recent ly been 
introduced, palmarosa o i l continues to hold the market due to 
be t t e r aroma and f iner note of na tura l geraniol . 
Because of t h e i r low geraniol content, large quan t i t i e s 
of palmarosa o i l of Aiidhra Pradesh are of l i t t l e commercial value 
e i t he r for the I so la t ion of geraniol or for t h e i r use d i r ec t l y 
in formulations. 
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TERPxi^iELiiSa Ul^a 
The main o c t o r i f e r c u s c o n s t i t u e n t s i n e s s e n t i a l o i l s a r e 
u s u a l l y t h e ox7i^,enatec coviipounds and. t h e p r e s e n c e of h y d r o c a r b o n s 
( t e r p e n e s and s e s : ' . a i t e r p c n e r ) no t only d i l u t e s t h e f l o r a l q u a l i t y 
of t h e o i l bu t a l s o a a k e s i t r.iore p r o n e t o r e s i n i f i c a t i o n and 
o x i d a t i o n . These h y d r o c a r b o n s a r e o f t e n reraoved t o y i e l d terpene«> 
more 3„5 
and s e s q u i t e r p o n a l e s s o i l s 5 which a r e / s o l u b l e i n p o l a r s o l v e n t s 
They have ^enorcJly been found t o be more s t a b l e and a l s o a r e 
s a i d t o cause l e s s i r r i t a t i o n t o t h e s k i n , 
The p r e p a r a t i o n of t e r p e n e l e s s o i l s i s , however , n o t 
7 
i7ith.out i t s CAisaovantai.,es. C r a v e r i c o n s i d e r s t h e reraoval of 
t e r p e n e s ua inecessa ry f o r ^^reater s t a b i l i t y p r o v i d e d t h e r e s i n s 
and a lbura inoic ' s have a l r e a d y been e l i m i n a t e d from t h e o i l s . The 
coraple to renioval of t e r p e n e s soiaet imes y i e l d s a p r o d u c t which 
d o e s no t r e f l e c t t h e t r u e n a t u r a l odour of t h e o i l . A l s o , t h e 
d i f f e r e n t methods employed i n p r e p a r i n g t e r p e n e l e s s o i l s r e s u l t 
i n ^ r e a t v a r i a t i o n i n t h e p h y s i c a l and c h e m i c a l p r o p e r t i e s of 
t h e p r o d u c t s ":akin^ t h e i r s t a n d a r d i s a t i o n d i f f i c u l t . Hoveve r , 
t h e a d v a n t a g e s of u s i n c t e r p e n e - and s e s q u i t e r p e n e l e s s o i l s 
ou twe igh t h e above disadi^.antages and t h e i r u s e i s i n c r e a s i n g . 
V a r i o u s vvithovs t o o b t a i n d e t e r p e n a t e d o i l s d e s c r i b e d i n 
l i t e r a t u r e a r a : 
8 -12 
i ) F r a c t i o n a l d i s t i l l a t i o n , 
i i ) Steam d i s t i l l a t i o n ' ^ ^ ' - ^ ' ^ , 
1 5 - 2 4 
i i i ) S o l v e n t e x t r a c t i o n , and 
• N «, . ^ 2 5 - 2 7 
IV) Chr omat o^^raphy 
2/1 
i ) F r a c t i o n a l d i s t i l l a t i o n - As c i t e d by ri^oys ' ' , Hanse l 
f i r s t su^j jes t ' -^ t h e removal of t e r p e n e s by f r a c t i o n a l d i s t i l l a t i o n 
The method i n v o l v e s h i ^ h t e m . p e r a t u r e s . e s p e c i a l l y v/hen oxygena t ed 
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coEpouiids have to be separated from sesquiterpenes. I t thus 
imparts a d i s t i l l e d or burnt note besides causing some r e s i n i -
l i c a t i o n and deco:::position. The heat also seems to decompose the 
so-cal led molecular coapoujids which some au thor i t i e s assume to 
3 
occur in e s sen t i a l o i l s , By using suDatniospheric p ressures , 
the effects of heat are reduced but not eliminated. The major 
disadvantage of t h i s method, however, i s incomplete separation 
of odour-bearin^ const i tuents from t i rpenes and sesquiterpenes. 
ilepeated fr<:.c"cionation not only adds to the costs but a lso 
subjects the o i l to longer heat treatment. 
Another disadvantage i s that during the d i s t i l l a t i o n the 
na tura l ant ioxidants remcin in the residue and are consequently 
no longer avai lable to protect the susceptible o i l against t r a n s -
24 
mutations , In certain cases, the amount of waxes present in 
the oil makes removal of the bulk of terpenes by straight distil-
13 
1at ion v i r t u a l l y impossible 
i i ) Steam d i s t i l l a t i o n - A l e s s d r a s t i c m.ethod i s the removal 
of terpenes ^oy steam, d i s t i l l a t i o n of the o i l at ordinary or 
14 
reduced pressures . ICats has su^-esteci the use of superheated 
steam.. A combination of fract ioi ial ajid steam d i s t i l l a t i o n was 
13 
used Dy Nelson and I-iottern . The steam d i s t i l l a t i o n hs.s an 
inherent disadvantage that i t takes a long t ime, p a r t i c u l a r l y 
v/hen the o i l contains high boi l ing compounds, thus increasing 
the danger of resinj .f icat ion and oxidation. Moreover, some of 
the lower boiling, ozy^on<r,ted compounds d i s t i l over with the 
hydrocarbons depriving;, the o i l of som.e of i t s odour-bearing 
cons t i tuents . Certain const i tuents of the o i l dissolve in the 
d i s t i l l a t i o n water, which makes t h e i r i so la t ion d i f f i c u l t . 
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iii) Solvent extraction - In solvent extraction, the oil Is 
extracted, by certain pole.r solvents, in v/hlch the oxygenated 
compounds are more -soliiMe. The tvo layers are separated 
and the deterpenated oil is recovered either by removal of the 
solvent under reduced pressure or by addition of v/ater. Lower 
alcohols are generally used to effect this separation ' ' 
In actual practice, fractional distillation and solvent 
3 
extraction are often eoir/Dined . 
This method does not give a quantitative yield of the 
terpeneless oils due to slight solubility of the hydrocarbons 
in dilute alcohol an:' plso because of the distillation of some 
of the oxyr^ enated compounds during the recovery of alcohol. 
In. some cases, interfacial emulsions, which are hard to break, 
are also encountered. 
In an improved method, two imniscible (or partially 
miscible) solvents, one polar and the other non-polar (e_.^ . 
methanol and heptane) are used in an almost horizontal 
19 24 
extraction apparatus ' . A small quantity of v/ater is added 
to decrease the niscibility of the tvo solvents. The two 
solvents are raade to flow according to the countercurrent 
principle. The oxy£,enated cofflpounds are dissolved by the polar 
solvent and the non-^ -polar solvent takes av/ay the terpenes. 
The terpeneless oil is obtained by the removal of the polar 
solvent under reduced pressure or by dilution with v/ater. 
The process requires large quantities of solvents, and 
their distillation further increases the cost of operation. 
Also, the hi^h v/ax content of some oils causes emulsification 
and difficulty in separations. 
iv) Ghromat ographie s eparat ion - In 1952, Kirchner and 
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25 
Mil ler outl ined a method for the preparat ion of te rpeneless 
o i l s using the pr inc ip le of chromatography. The o i l was drawn 
through a Tsv;ett tube packed with s i l i c i c acid. The coluran 
was developed bj hexcuie uncTer suction which eluted the hydro-
carbons. Hexane was iollov;ed by ethyl aceta te which dissolved 
the oxygenated const i tuents of the o i l which could then be 
recovered by the renov&l of the solvent or by d i lu t ion v;ith 
water. The separation was nearly quan t i t a t ive , 
Thou^ih t h i s izcthod appears to be i n t e r e s t i n g , i t requires 
the use of very lar^-.o quan t i t i e s of solvents and adsorbants to 
ext rac t o i l s with a low content of oxygenated compounds. Braver-
27 
man and oolor.iiansKy have suggested that the separation of the 
oxygenated conpounds should be continued on the same column as 
lonsj as the adsorptive capacity of the column i s not exhausted. 
They have thus been able to prepare l a rger quan t i t i e s of the 
terpeneless o i l s with coiiparatively small quan t i t i e s of the 
4 
solvents , Hoveverj i t i s reported" that though the above • process has been put into p lan t - s i ze operat ions , no s izable 
quan t i t i e s of the deterpenated o i l s have been prepared. The 
p o s s i b i l i t y of upgrading low-quality and off-flavoured o i l s , 
however, makes chromatography a useful technique. 
Deterpenation of Palmarosa Oil 
The information avai lable in l i t e r a t u r e for the de te r -
28 
penation of palmarosa o i l i s scanty. Shapiro employed the 
f rac t iona t ion of the crude o i l under reduced pressure in 
presence of tb/-- sodiLmi hydroxide, which simultaneously hydrolysed 
the es te r s and confoined with acidic substances to give a high 
29 y ie ld of geraniol . Singh has described the f rac t iona t ion of 
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t h e o i l d u r i n g t h e s t e a n d i s t i l l a t i o n , of t h e g r a s s i t s e l f . , 
wh ich gave an o i l of 96 p e r c e n t g e r a i i i o l c o n t e n t b u t t h e 
y i e l d was low. L o c r J l y , t h e l o w - q u a l i t y o i l s a r e f r e e d 
of t e r p e n e s oy t h e steain c i , = ? t i l l a t i o n i n which t h e a p p l i c a t i o n 
of h e a t f o r a l o n g p e r i o d h a s d e t r i n e n t a l e f f e c t s on t h e q u a l i t y 
and t h e y i e l d of t h e o i l . 
The known methods f o r t h e d e t e r p s n a t i o n of e s s e n t i a l 
o i l s s u f f e r from one ""'ra-'hack o r t h e o t h e r . A s e a r c h f o r an 
a l t e r n a t i v e n e t h o c which n o t on ly shou ld g i v e a b e t t e r p r o d u c t 
b u t i s a l s o si:::ple and econo; : : ical was , t h e r e f o r e , c o n s i d e r e d 
w o r t h w h i l e . 
30 h / d r o t r o p y v/hich i s t h e a b i l i t y of t h e s a l t s of c e r t a i n 
o r g a n i c a c i c s t o r-is s o l v e w a t e r - i n s o l u b l e s u b s t a n c e s , s p e c i a l l y 
n o n - e l e c t r c l y t e s i n t h e i r aqueous s o l u t i o n s , a p p e a r e d t o be a 
s u i t a b l e t e c h n i q u e f o r d e t e r p e n a t i o n . As t h e p o l a r compounds 
31 
a r e known t o be -.lore s o l u b l e i n t h e h y d r o t r o p i c s o l u t i o n s , 
t h e o x y g e n a t e d c o n s t i t u e n t s of p a l m a r o s a o i l would be p r e f e r e n -
t i a l l y e x t r a c t e d , fhe p r e s e n t s t u d i e s on t h e d e t e r p e n a t i o n of 
p a l m a r o s a o i l ^j h y d r o t r o p i c e x t r a c t i o n w e r e , t h e r e f o r e , 
u n d e r t a k e n , 
h y d r o t r o p y 
The phenomenon of h y d r o t r o p y was f i r s t d e m o n s t r a t e d 
30 
by rJeuberg i n 1916 . V a r i o u s t h e o r i e s , based on t h e p h y s i c a l 
p r o p e r t i e s and c h c a i c a l complex f o r m a t i o n have been p u t f o r w a r d 
32—38 38 
t o e x p l a i n t h i s phenomenon . B c u i c r o f t ' s v i e w t h a t t h e 
h y d r o t r o p i c s a l t d i s s o l v e s i n a s o l v e n t , such a s w a t e r , and 
t h a s a l t i n s o l u t i o n t h e n a c t s as a s o l v e n t i s c o n s i d e r e d t o be 
, 1 5 8 
more acceptable. Reddy"^ has posfalated the formation of a 
hydrogen bond bfct'./eon the hydvotropic s a l t , water and the so lu te . 
R-S-^O—H-O-H R-C==0—H-O-H 
6 N 5 , ONa 
When a coiEpound havin^ an electron-donor group i s added to the 
hydrotropic solut ion, i t forms a hydrogen bond v i t h the water-
hydrotrope comple:i and thus ,^oes in to the solut ion. The formatior 
of the follov.'ing ternary complexes has been predicted where water 
ac t s as a bridge between the hydrotropic sa l t and the so lu te . 
:0: 
T .. 
R-G=0—H-0-H--O-R R-S-»0--H-O-H—-O-R 
I I i " I ONa, H ONa H 
According, to this theory, a compound which has an electron donor 
aton will dissolve in a hydrotropic solvent provided there is no 
39 
structural hindrance in the molecule itself . Hydrocarbonsj 
which are incapable of fo2"sing the hydrogen bonds5 are found to 
39 
be alnost insoluble 
40 
i t i s known that the hydrotropic solut ions act as 
solvents only in high concentrat ions. On d i l u t i on , the solute 
can be quan t i t a t ive ly recovered, $he use of the hydrotropic 
solut ions i s advantaiieous because of t h e i r inexpensive aciueous 
base, ready recovery ox the hydrotrope and i t s re-use , absence 
159 
of fire haaardSj high electric conductaiice and their solvent 
40 41 
character being independent of pH ' . The liydrotropic 
solutions have been used as reaction and crystallisation media, 
as solvents in electrocheniistr/ and. for the separation and 
42 
pur i f i ca t ion of different types of cosiipounds "". L i te ra ture 
survey shows that t h i s phenomenon has not been applied in the 
e s sent i a l o i l indu st ry, 
EXPERIMENTAL 
Hydrotropic Bxtraction of Palraarosa Oil 
Two representativ^e samples of palmarosa o i l j containing 
about 50 and 72 per cent t o t a l alcohols and 6 and "14 per cent 
e s t e r s respec t ive ly , vere chosen for the present work. The 
following hydrotropic s a l t s of conserclal qual i ty were used for 
the ex t rac t ions : sodiuiu benzenesulphonate, sodiums-toluene 
sulphonate* , sodium jrylenesulphonate* , sodium~2-naphthalene~ 
sulphonate and sodium s a l i c y l a t e . 
The s tudies were l imited to the ext rac t ion of a def in i te 
-volume of palnarosa o i l with varying, volumes of hydrotropic 
solut ions of different concentrat ions. The mode of mixing the 
solut ions with o i l and the re-use of the hydrotropic solut ion 
a f t e r adjusting t h e i r concentration was also studied. Temperature 
i s reported to have p r ac t i c a l l y no effect on the so lub i l i t y 
43 
c h r r a c t o r i s t i c s of the hyc'rotropic so lu t ions" , and therefore the 
ex t rac t ion s tudies were carr ied out at room temperature (30+2°) 
and the effect of teriperature var ia t ions was not studied. 
Comparative studies on the rjeterpenation of the two o i l s by 
stea.m d i s t i l l a t i o n were also made. 
General-llxperimcntal Procedure 
The hydrotropic sa l t solut ions were prepared in d i s t i l l e d 
water on a wt/wt bas i s . A known volume of the hydrotropic 
solut ion of a def in i te concentration v/as taken in a separatory 
fimnel anc to t h i s was added 50 nil of palmarosa o i l . The mixture 
was shaken for about one l i inute and ej'ter s e t t l i n g the tv/o layers 
were separated. The aqueous layer was t ransfer red to another 
separatory funnel and di luted with d i s t i l l e d water to about 
A gif t of the above two hydrotropes, by Marchon Products 
• J - , 3 ngland is kindly acknowledged. 
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15 per cent concentration of the hydrotrope. The extracted oil 
was separated J washed with saturated sodiuja chloride solution 
and finally with water. The residual and extracted oils v/ere 
dried over anhydrous sodium sulphate, filtered and their 
physico-chemical properties determined. 
For experiments on the re-use of the spent hydrotropic 
solutions, either the water was evaporated, salts crystallised 
and air dried to prepare the solutions of desired concentration, 
or the dilute solutions ^^ ?ere evaporated to the required concen-
tration (density). 
The experiments to study the effect of oiode and the extent 
of contact oetween the oil and the hydrotropic solution were 
carried out using either a separatory funnel or a homogeniser. 
The deterpenation of the oils by steam distillation v/as 
carried out in an all glass unit. The disti l late was collected 
in several fractions which v;ere dried and analysed. 
Two samples of palmaresa oil , having/48 knd 72 per cent 
total alcohols wore obtained in bulk quantiVles from Mofflinpet 
and I'larayanpet respectively. The phj^sico-cheiTiical properties of 
the two oils are given below. 
Koralnpet palmarosa oil 
n5^ 5 1.4711-, d^ , 0,86313; o<^ "^  , - 38.29° ; 
Acid number, 0, 64 
jlsters (calculated as C!3_2H2002^  5 6.19 per cent 
Total esters (after acetylation) , 65.02 per cent 
Total alcohols (calculated as C]_o%80) 5 48.09 per cent 
Materials Used _——-^^ MJ.JZ-^'^^ 
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Garboiiyl content (neutral sulphi te riethod) 5 4.0 per cent 
Soluble in 0.5 volumes of 80 per cent ethanol. 
W&raj/anpet palmarosa o i l 
n-i ^ , 1.4630; d'^ 5 0.86S53; o(^^' , +11.4l°j 
Acid nurnber5 0 „ 57; 
Es ters (calculated as 0-j_2H2o02^  5 14.47 per cent 
Total e s t e r s (af ter ace t / l a t ion) j 79.48 per cent 
Total alcohols (calculated as CioHigO), 72.38 per cent 
Carbonyl content (neutral sulphite raethod) 5 3.5 per cent 
Soluble in 3,0 voluiaes of 60 per cent ethanol, 
PhysiGO-Ghemical g roper t ies 
"Refractive index, specif ic gravi ty, opt ica l r o t a t i on , solu-
b i l i t y in d i lu te ethanol , free e s t e r s , t o t a l e s t e r s and t o t a l 
44 
alcohols were determined by the standard methods ". 
So lub i l i ty of Incividual Const i tudnts 
S o l u b i l i t i e s of, dipentene, geraniol and gerajiyl aceta te 
were deterffiined in hydrotropic sa l t solut ions of different concen-
t r a t i o n s . The solute (0,5 ml) was to.ken in a centrifuge tube 
graduated in 0.1 ml. The hydrotropic solut ion was added dropwise 
t i l l the solut ion was complete. In oases of poor s o l u b i l i t y , the 
hydrotropic solution was added in the r a t i o of 1:3 or higher, the 
two layers wsre allowed to separate anc the volxime of the res idua l 
solute noted, '.""he 'r,olubility i-fas calculated on the basis of the 
volume of solute dissolved in 100 ml of the hydrotropic so lu t ion . 
From the above data, the gram moles of the solutes and the 
hydrotrope which coiabine together to form a solut ion in 1000 g of 
water were calculated. 
RESULTS 
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l O O O ; , 
• D IPENTENE 
X G E R A N I O L 
o GERANYLACETATE 
SOOfUM SALICYLATE 
S O L U T I O N 
SODIUM TOLUENE 
SULPHONATE SOLUTION 
Fig»l Solubility of dipentene, 
geraniol and geranyl 
acetate in sodium sali-
cylate solution 
Fig,2 Solubility of dipentene^ 
geraniol and geranyl 
acetate in sodi\jiD toluene 
sulphonate solution 
O 2 0 . 0 
8 SO 
31-3At 
DIPENTENE 
GERANIOL 
GERANYLE 
ACETATE 
3 0 % 4 0 ^ o 5 0 % 
SODIUM XYLENE SULPHONATE SOLUTION 
Fig.3 Solubility of dipentene, geraniol 
and geranyl acetate in sodium 
x;/lene sulphonate solution 
lOO-Or 
• SODIUM SALICYLATE 
O SODIUM TOLUENE 
SULPHONATE. 
A SODIUM XYLENE 
SULPHONATE. 
I 2 3 4 s 6 7 
HYDROTROPES ( GRAM-MOLES) 
y 0-6 
O 
2 
1 0.5 
a 
z 0.4 
SODIUM SALICYLATE 
SODIUM TOLUENE 
SULPHONATE. 
SODIUM XYLENE 
SULPHONATE. 
HYDROTROPES CORAM-MOLES) 
Fig.4 Gram molar miscibillty of 
geraniol and hydrotropic 
salts (Table III) 
Fig.5 Gram molar miscibillty of 
dipentene and hydrotropic 
salts (Table II) 
• SODIUM SALICVL 
O SODIUM TOLUENE 
SULPHONAIE • 
a SODIUM XYLENE 
&ULPHONAT E 
HYDRO r ROPES CORAM-MOLES) 
Fig.6 Gr?jm.: molar miscibillty of geranyl 
acetate and hydrotropic salts (Table IV) 
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DISCUSSION 
A) Deterr)enation of Kqminpet Pelaarosa Oil 
(Total Alcohols; 43 per cent) 
1» Sodium sa l i cy la t e as a' h.ydrotrope - Concentrations ranging 
from 20 per cent to 52,5 per cent (saturated solution) were 
studied t o determine the so lub i l i ty of three rfi8.;jor cons t i tuents 
of the palmarosa o i l 5 v i z . tieraniol. dipentene and geranyl 
acetate'^(Tables II-Tv, F i g . l ) . Thoagh the so lub i l i ty of a l l 
the three i s o l a t e s increased with the increasing concentration 
of the hydrotroplc solut ion, that of dipentene ivas f a i r l y low 
(6 per cent) even when 52.5 per cent sa l i cy la te solution was 
employed (Table I I ) . For geranyl ace ta te , the so lub i l i ty in 
40 per cent sodium sa l i cy la te solution was only 8.89 per cent, 
but in 45 per cent solution i t increased suddenly to 100 per 
cent and with h i^ i e r concentrat ions, the geranj^'l aceta te was 
freely soluble (Table IV) = For geraniol , rapid increase in the 
so lub i l i t y xvas shov/n at 35 per cent concentration of the hydro-
t rop ic solut ion. 
In view of the above so lub i l i ty data , sodium sa l i cy l a t e 
solut ions of concentrations ranging from 40 to 52.5 per cent were 
studied for the p re fe ren t i a l extract ion of oxygenated components 
of palraarosa o i l . 
VJith 40 per cent sodium sa l icy la te solut ion, the quantity 
of the extract was too small for analysis (Table V, F i g . 8 ) . I t 
was, however, found that with the increase of the. volume of the 
hydrotroplc solut ion, the volume of the extracted o i l increased 
(Fig .7) . The t o t a l alcohol content of the extracted o i l v/as 
estimated to be around 90 per cent by i t s so lub i l i ty in d i lu te 
ethanol. 
With an increase in the concentration of the hydrotroplc 
1 9 1 
solution to 45 per cent, increased quantity of the oil could be 
extracted (Table VI, Fig.S). Again, the quantity of the extract 
increased with the increase in the volume of the hydrotropic 
solution (Table YI; Fig. 7). The gerrniol content of the 
extracted: oil E.ISO showed an increase with the volume of the 
sodium salicylate solution (Fig.9). ZoTvever, at a high volume 
ratio (1:15) the volume of the extracted oil as also its alcohol 
content decreased (Table VI, Fig, 7 & 9), Similar results were 
obtained with 50 and 52.5 per cent solutions of sodium salicylate 
(Tables V'll & YIII; Fig, 7 & 8) » It is apparent that with the 
increasing volumes and v/ith increasing concentrations, larger 
volumes of the extract of increasing geraniol content are 
obtained (Fig,9 & 10). The optimuui conditions for the deterpena-
tion in this case were: 5 to 7.5 volumes of 45 to 50 per cent 
hydrotropic solutions for one volume of the oil (Tables VI & VII) . 
It is interesting that the esters were found to be 
approximately evenly distributed in the extracted and the residual 
oil (Tables VI-VIII) . The esters, like alcohols have an electron-r 
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donating group. On the basis of the hydrogen bond theory , 
esters are expected to dissolve readily in a hydrotropic solution. 
The reduced solubility of the esters suggests that the hydrogen 
bonding may not be the only factor determining the solubility 
of compounds in hydrotropic solutions. 
2., Sodium toluene sulphonate as a hydrotrope - From the solubility 
data of the three major constituents of palmarosa oil (Tables 11-
IV; Fig,2), it is clear that dipentene and geranyl acetate are 
not ao soluble in sodium toluene sulphonate solutions as geraniol. 
llith respect to geranyl acetate, this hydrotrope differs from 
sodium salicylate which freely dissolves the esters in its 
concentrated solutions. The sudden increase in the solubility 
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of geraniol in sodium toluene sulphonate solut ion i s r eg i s te red 
at a concentration of 40 per cent (Table I I I ; F ig .2 ) , 
Four different volunes and three di f ferent ' concentrations 
of the hydrotropic solution were used for ex t rac t ion of the o i l . 
As in the case of sodlurn s a l i c y l a t e , a l i n e a r re la t ionsh ip was 
seen "between the volixoies of hydrotropic solut ion and the extracted 
o i l (Tables IX-XI: F ig .11) . The t o t a l geraniol in the extracted 
o i l was found to be d i rec t ly proport ional to the volume and 
concentration of the hydrotropic solution (Tables IX-XI5 Fig , 13 
and 14). Thus, with greater volumes of more concentrated 
solut ions of the hydrotrope la rger volumes of the o i l \sflth 
increasing geraniol content were extracted (Tables IX-XI; 
Fig . 11-14), liovjever, the t o t a l alcohol content of the extracted 
o i l decreased '.'hen ^'ory large volumes of hydrotropic solut ions 
were used (Tables EC-XI). The es te r s are not evenly d i s t r ibu ted 
in the extracted and the res idual o i l s as was the case v/ith 
sodium sa l i cy la t e solut ion, but are la rgely retained in the 
res idual o i l (Tables IX-XI) . This i s in accordance with the 
so lub i l i t y data (Table 17). 
With sodium toluene sulphonate, the best- r e s u l t s were 
obtained when 50 irO. of palmarosa o i l was extracted with 250 t o 
375 ml of 45 per cent solution (Table X) . 
3. Sodium xylene sulphonate as a hydrotrope - The so lub i l i t y 
data in t h i s case are very similar t o those obtained with sodium 
toluene sulphonate (Tables 11-U; F ig .3 ) . Thus, dipentene and 
geranyl acetate show very l i t t l e so lub i l i ty even in the sa tura ted 
so lu t ions . Geraniol i s more soluble in t h i s solut ion thaji in 
sodium sa l i cy la te or sodium toluene sulphonate solut ions . The 
sudden increase in so lub i l i t y in the present case i s observed 
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at a concentration of 35 per cent (Fig,3). One would have 
eicpected this hyc.rotrope to be the hest suited for the extrac-
tion of geraniol fi-oin the oil. The observed results, however, 
do not bear this out= At c concentration lower than 40 per 
cent, sodium xylene sulphonate solution extracted very little 
quantity of oil. The present studies were, therefore, carried 
out using 40 per cent to 50 per cent (saturated) solutions of 
sodium xylene sulphonate. 
It was found that compared to sodium salicylate and 
sodium toluene sulphonatej larger c^ i^ uantities of the oil were 
extracted by sodium xylene sulphonate solutions. The total 
alcohol content of the extracted oil was, however, low (Tables 
XII-XBO , The volume and the geraniol content of the extracted 
oil were found to be directly proportional to the volume and the 
concentration of the hydrotropic solution (Tables XII~XIV; 
7ig.15-13)5 but the curves obtained, unlike the earlier cases, 
were not straight lines .(Pig. 16. & 1?). As with sodium toluene 
sulphonate, relatively small cjuantities of the esters were 
extracted. The best results were obtained when 50 ml of the oil 
was extracted with 250 to 375 ml of 45 per cent sodium xylene 
sulphonate solution (Table XIII). 
4. Sodium benzene sulphonate and sodi-um-2-naphthalene sulphonate 
as hydrotropes - In preliminary experim.ents with sodium benzene 
and the sodiuin 2~naphthalene sulphonates, it v/as found that these 
were not suitable for the present studies. The saturated solution 
of sodium benzene ?;ulphcnato was obtained at 35 per cent, while 
sodium 2~naphthalene sulphonate formed a saturated solution at 
only 5 per cent. 3ven with the saturated solutions, neither 
of the two hydrotropes extracted any appreciable oil (Table M) , 
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and was, therefore, not studied further. ~ ' 
Steam distillation of the oil 
The comparative experiment for the deterpenation of Monimpet 
palmarosa oil by steam distillation was also carried out. The 
results are given in Table XVI. 
Comparison of the Results 
Comparing all the results on the deterpenation of Monimpet 
palmarosa oil, sodium salicylate was found to be the best hydro-
trope (Tables VI-VIII). Sodium toluene sulphonate though selective 
for geraniol, extracted less oil (Tables IX-^I) . Sodium xylene 
sulphonate extracted larger quantities of the oil but with poor 
alcohol content (Tables XII-XIV). Sodium benzene and sodium-2-
naphthalene sulphonates were found unsuitable for the present 
studies (Tables XV). It is also apparent (Table XVII) that deter-
penation by hydrotropic extraction is superior to steam distillation 
technique. With steam distillation, 50 per cent of the deterpenated 
oil having 74.94 per cent of total alcohols,was obtained, while by 
using 750 ml sodium salicylate solution for 100 ml of Monimpet 
palmarosa oil, 53 per cent of deterpenated oil with 87.45 per 
cent of total alcohols could be obtained (Table XVII) . 
In general, the quantity as also the geraniol content of 
the extracted oil increase with increase in the volume and the 
concentration of the hydrotropic solutions. The total alcohol 
content of the extracted oil, however, does not always increase 
likewise. This generally attains a maximum with a definite 
volume and concentration of the hydrotropic solutions and then 
declines. Theoretically the alcohol content of the extracted oil 
should increase with the increase of volume and concentration of 
the hydrotropic solution. It appears that the solubility of 
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dipentene in geraniol plays some part, ilfter a certain 
concentration of geraniol in the hydrotropic solution is reached 
every additional volUJ:ie of geraniol perhaps starts dissolving 
more of dipentene. 
The results of extraction are in keeping v/ith the solu-
bility data of the individual constituents (Tables II-IV; 
j-*'ig.l~3). Thus sodiuiii salicylate dissolves both geraniol and 
geranj'-l acetate, while in sodium toluene and sodium xylene 
sulphonatesj geranyl acetate is conparatively less soluble. At 
lower concentrations J sodium xyleiie sulphonate shows a greater 
solubility for geraniol than do the other tv/o hydrotropes, thus 
explaining the larger volumes of the extracted oil. Plowever, 
the total alcohol content of the extracted oil with greater 
voluraes and concentrations of sodiun xylene sulphonate solutions 
are not comparable to that obtained from sodium salicylate or 
sodium toluene sulphonate. It is apparent from the solubility 
data and the gram molar miscibility ratios of dipentene, 
geraniol and geranyl acetate -with individual hydrotropes that 
as compared >/ith sodiun salicylate and sodiuai toluene sulphonate, 
sodium xylene sulphonate has not only greater solubility for 
geraniol (Table III, Fig.4) but for dipentene as well (Table II; 
Fig.5). Thus, 4.804 gram moles of sodium xylene sulphonate in 
1000 grams of water are miscible with 0,4674 gram mole of 
dipentene (Table II, Fig. 5), while 5.110 and 5,151 gram moles 
of sodium salicylate and sodium toluene sulphonate dissolve 
0.3130 and 0.33S1 gram mole of dipentene respectively (Table II, 
Fig. 5). 
3 . Deterpenatlon of rlarsjanpet Palmarosa Oil 
(Total Alcoholss 72 per cent) 
The e a r l i e r s tudies showed that for the deterpenation 
of pEilraarosa o i l , sodium sa l i cy la t e was a more sui table hydro-
t rope . The ext rac t ion experiments on Narajanpet o i l ( t o t a l 
alcohols 72 per cent) v/ere, thcrefore , carr ied out with sodium 
s a l i c y l a t e only. While the r e s u l t s (Tables ICVill-XX) followed 
the same general pa t te rn as in the case of the studies on 
palmarosa o i l of lower geraniol content (48 per cen t ) , with 
increasing volu:aies of 40 and 50 per cent solut ions of the hydro-' 
t r ope , the volume (Fig. 19) and the geraniol content (Fig.21) of 
the extracted o i l decreased a f te r a t t a in ing maxima. The 
quanti ty of the extracted o i l , as a lso i t s geraniol content 
increased with increas inr concentration of the sodium sa l i cy l a t e 
solut ion (Fig.20 & 22). The best r e su l t s were obtained when 
50 rra of the o i l was extracted with 500 ml of 40, 45 and 50 per 
cent solutions of sodium sa l i cy l a t e (Tables XYIII-KO . 
A comparison of the above r e su l t s was made hy using 
steam, d i s t i l l a t i o n for the deterpenation of the same o i l (Table 
KXI) . The comparative resul.ts ^iven in Table XTAII show tha t 
even for the deterpenation of -^ .Of^ i^um quali ty palmarosa o i l s 
( t o t a l alcohols , 65-75 per cen t ) , hydrotropic ext rac t ion could 
be used with advantage in preference to the steam d i s t i l l a t i o n . . 
CONCLUSIONS 
Based on the foregoing experimental data, the follov/ing 
general conclusions are drav:n2 
i) Extraction v/ith certain organic acid salt solutions can 
be used for cetarpenatlon of low-quality palmarosa oils (alcohol 
contents 45-75 per cent). 
ii) The extraction of geranlol takes place in preference to 
dipentene. This is in accordance \^'ith the view based on hydrogen 
bond formation '^. The lower solubility of geranyl acetate which 
is also Capable of forming a hydrogen bond with the hydrotrope-
water complex, however, shows that in addition to hydrogen bonding 
there are other phy'-sical factors playing their part. 
iii) The greater solubilities of the components of palmarosa 
oil in saturated sodium xylene sulphonate solution as compared 
to sodium toluene sulphonate solution is in accordance with the 
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findings of Booth and _uverson , that for a set of solutes, the 
solubility is in the follov/ing orderi socilura benzene suiphonate, 
sodium toluene sulphonate and sodi'cuTi xylene sulphonate. 
iv) Sodiura salicylate was found to be the best amongst the 
hydrotropes studied. The presence of a hydroxyl group besides a 
carboxylic grouping probably gives an additional centre for the 
hydrogen bond formation, thus pei'mitting more of geraniol to 
dissolve in its solutions. Also, since the solubility of dipen-
tene is comparatively low in sodium salicylate solutions, only 
a small quantity of this hydrocarbon is found in the extracted oil. 
v)' The most important aspect of the process is that the 
extracted oil can be quantitatively recovered on diluting the 
hydrotropic solutions, and since the oil is not subjected to any 
heat treatment the floral quality of the oil is retained. 
vi) It has been noted that during extraction, the contact 
time and the mode of contact between the hydrotropic solution and 
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the o i l have no effect on the quanti ty or the qual i ty of the 
extracteii o i l . 
v i i ) The r e s u l t s repoi-'tecl under the present studies are based 
on a single extri.Cuion. Better r e su l t s may be achieved by using 
a multistage ext rac tor or countercurrent ex t rac t ion technique, 
v i i l ) The technique of hydrotropic ext rac t ion could advan-
ta^sously replace the conimonly employed steam d i s t i l l a t i o n process 
for the deterpenation of palraarosa o i l . The new process gives 
higher y ie lds of o i l s which are r ich in geraniol . I^drotropic 
ex t rac t ion involves l i t t l e expense and does not require highfLy 
t ra ined personnel v/hen carried out on production sca le . The spent 
hydrotropic solut ions can be repeatedly used af ter adjusting 
t h e i r concentration. 
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DISTINGUISHING TESTS FOR PALMAROSA 
AND GINGERGRASS OILS 
As already mentioned, palmarosa oil is sometimes 
adulterated with the lov;-prlced gingergrass oil. Besides, the 
unintended admixture of two oils is always possible.due to 
the morphological similarity and contiguous growth.of the two 
grasses in several regions. Therefore, in connection with the 
present v/ork on gingergrass and palrnarosa oils it became • ^ , v: •-
necessary to work out suitable methods for determining the purity 
of the two oils. -Both chemical and physical methods were studied. 
Chemical Methods • ^' 
' , "( 
'2' • ' Three reagents were found to-'give characteristic colour 
reactions v/ith. palniaro'sa and gingergrass oils and yere found to 
be satisfactory for detection of adinixture of one oil with the 
other. 
Reagents 
(A) Ethanolic solution of plnloroglucinol (10 per cent, 
1 ml) added to concentrated hydrochloric acid (9, ml) . 
(B) Ethstnolic solution of vanillin (20 per cent, 1 ml) 
added to concentrated hydrochloric acid (9 ml). 
(C) Sthanolic solution- of .phosphomolybdic acid (10 per 
cent, 10 ml) added to"concent-rated hydrochloric acid, (5 ml). 
P ro cedure and- re suit s ..- ., 
One drop of the-oil sample was absorbed on. a filter 
paper. A drop of the reagent solution was then placed over it. 
The colour developed in the first few .seconds and also the . 
subsequent ,changes-during five minutes were noted. The results 
are given in Table I. . . ....-, . 
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Table 1. Colour Tests for. Palmarosa 
and Gingergrass Oils 
•Re-
agent 
Colours observed 
Pure Palmarosa oil Pure gingjergrass oil 
A 
J3 
Re ddi sh~brovrn5 ciiange s 
to pink in 2 minutes 
Light purplej changes 
to greyish-yellow in 
5 minutes 
Yellov/ish-green a f t e r 
30 seconds; changes 
to d i r ty green in 
3 minutes 
Yellow; changes immediately 
to l i g h t brownish-yellow; 
becomes l i g h t e r in 5 minutes. 
Pink vjithin a few seconds; 
remains unchanged for 
5 minutes 
Light green changing t o 
greenish-blue; becomes 
blue-black aJ'ter 2 minutes 
The above t e s t s were also carr ied out v/ith prepared mixtures 
of the two o i l s . The observations are recorded in Table I I . 
Table I I . Colour Tests with Mixtures of Palmarosa 
and Gingergrass o i l 
Composition: X 
Gingergrass X_ 
o i l in palma-X 
rosa o i l , jo X Reagent A A. 
Colours developed 
Reagent B X Reagent C 
0.00 
(pure palma-
rosa oil) 
Leddish-brown; Light purple; Yellowish-green 
changes to pink changes to after 30 seconds 
in 2 minutes greyish-yellow 
in 5 minutes 
changes to dirty 
green in 3 minute 
0.25 
0.5 
Reddish-brown; 
changes to pink 
in 2 minutes 
Very light pink; Yellowish-green 
changes to after 30 seconds 
greyish-yellow changing to 
in 6 minutes bluish-green 
after 3 minutes 
Reddish-brown; Very light pink; Yellowish-green 
changes to pink changes to changing to 
in 2 minutes greyish-yellow ' bluish-green 
in 5 minutes after 3 minutes 
1.0 Reddish-brown; 
changes to pink 
in 2 minutes 
Light pink; 
chaiiges to 
greyish-yellow 
in 5 minutes 
Yellowish green 
changing to 
bluish-green 
in 2 minutes 
Composition; X 
Ginger grass X, 
oil in palma-X 
rosa oil, % X Reagent A 
Colours developed 
"Reagent 3 Heagent C 
5o0 Re dd i s h-b rown; 
changes to pink 
in 2 minutes 
Light persistent 
pink in 25 
seconds 
Light green chang-
ing to greenish-
blue in 3 minutes 
10.0 Reddi sh-brovm; 
changes to pink 
in 2 minutes 
Persistent pink Light-green changing 
to greenish-blue 
in 2 minutes 
25.0 Reddi 3h-bro\'m5 
becomes l i g h t e r 
in 5 minutes 
Per s i s t en t pink Light green changing 
t o greenish-blue 
in 2 minutes; 
changes to b lue-
black in 3 minutes. 
50.0 Reddi sh-brovn; 
becomes light 
brown in 
5 minutes 
Persistent pink Light green Chang-
ing to greenish-
blue; becomes 
blue-black after 
2 minutes 
'5.0 Light z reddish-
brown; become; 
lighter in 
5 minutes 
Persistent pink Light green 
changing to 
greenish-blue; 
becomes blue-black 
after 2 minutes 
90.0 Light reddish 
brown; becomes 
lighter in 
5 minutes 
Persistent pink Light green 
changing to 
greeni sh-blue; 
becomes blue-black 
after 2 minutes 
95.0 Yellowi sh-brown; 
becomes 
lighter in 
5 minutes 
Persistent pink Light green 
changing to 
greenish-blue; 
becomes blue-black 
after 2 minutes 
100.0 
(pure ginger-
grass oil) 
Yellow, 
immediately 
changing to 
light 
brovmish-
yellow; 
becomes 
lighter in 
5 minutes 
Persistent pink Light green 
changing to 
greenish blue; 
becomes blue-black 
after 2 minutes 
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Table III. Colour Tests -rfitli Isolates of 
Palmarosa and Gingergrass Oils 
I so la te X Colour obseryed. 
X xieagent A X Reagent B HT Reagent C 
Dipentene and 
Llmonene^^* 
Isovaleralde-
hyde 
Citral* 
Very light yellow^ Light pink 
fades in 1 minute 
Geraniol* 
Citronellol* 
Perillyl 
alcohol=5'* 
Light hrovm 
Re ddi s h-brown 5 
changes to 
brown in 
1 minute 
Yellow; fades in 
1 minute 
Yellow; fades in 
1 minute 
i'To colour' 
cis-p-Mentha Yellow changing 
1(7) ,8-dien-' to orange in 
2~ol (Isoperi- 30 seconds 
llyl alcohol) *=^  
No colour 
Light yellow 
i'lo colour 
No colour 
No colour 
Mo colour 
No colour 
No colour 
Green changing to 
Carvone**^ Light yellow 
changing to 
light brov/n 
in 1 minute 
2\)0 colour 
dark green 
No colour 
No colour 
Green, changes to 
blue-black after 
2 minutes 
Very light blue 
after 2 minutes 
Wo colour 
* Palmarosa oil constituents; =!'•* Gingergrass oil constituents 
Reagent A is specific for palmarosa oil, while 
reagents B and C give specific colour reactions with 
gingergrass oil. From the results (Table II) it will appear 
that an impurity of even 0.25 per cent of gingergrass oil 
can be readily detected in palmarosa oil,, while the presence 
of less than 5 per cent of the latter in gingergrass oil 
is difficult to detect. 
. 2 0 6 
From a study of these tests on the individual constituents 
of the two oils (Table III) it appears that the main constituent 
responsible for the test with i-eagent A in palmarosa oil is 
citral. The other constituents, like dipentene and geraniol, 
hov;-ever, also have some influence on the shade and the intensity 
of the colour. The pink colour in gingergrass oil with reagent 
B is due to limonene and cis-p-mentha-lC?),8-dlen-2-ol; presence 
of dipentene in palmarosa oil, however, may be responsible for 
the light purple colour observed from the reagent B. 
The green colour in palmarosa oil with re{|gent C is 
again due to citral, while the blue-black"colour in the case of 
gingergrass oil can be attributed to the presence of perillyl 
alcohol. 
These tests are being examined by Indian Standards 
Institution on a national scale for eventual incorporation in 
the relevajit specifications. 
Physical Methods 
a. Ga§\liquid chromatography 
GLC appeared to be of obvious interest''as a method to 
distinguish the two oils because of the now established 
difference in their chemical composition. The absence of 
3 4 
geraniol in gingergrass oil and that of perillyl alcohol 
5 
in palmarosa o i l provided a good basis for t h e i r i den t i f i ca t ion . 
PolyIpropyleneglycol sebacate impregnated on 100-120 mesh 
c e l i t e 545 (20 per cent w/w) was chosen as the s ta t ionary phase. 
Griff in and George V.P.C. apparatus Mk I I was used and thermal 
conductivity ce l l was employed as the detector . Other experi-
mental conditions are recorded along with the chromato^rams. 
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Palmarosa and gingergrass oils were subjected to gas-liquid 
chromatography under identical conditions. The chroHiatograms of 
palmarosa oil (Fig.l) and that of gingergrass oil (Fig.2) are 
reproduced. A comparison of the times of emergence of various 
peaks in the two chromatograms shows a marked difference. Thus, 
the geraniol peak of palmarosa oil is absent in the case of 
gingergrass oil and the peaks 3, G and D so distinct in the 
case of gingergrass oil (Fig.2) are absent in palmarosa oil 
(Fig.l). These basic differences canj therefore, be utilised 
in either assessing the purity of an oil sample or for the 
detection of the admixture of one in the other, 
b. Infrared spectroscopy 
The difference in chemical, composition of palmarosa 
3 4 
and gingergrass ' o i l s prompted the use of infrared spectro-
scopy to d is t inguish the two o i l s . The only const i tuent of 
palmarosa o i l tha t has an end methylene group (-C=CH2) i s 
dipehtene. The other const i tuents v i g . , isovaleraldehyde, 
methyl heptenone, geraniol , c i t r a l , c i t r a n e l l o l and farnesol 
are acycl ic and are known to have an isopropylidene C/C-G^ ) 
/ \ //'^ X 6 _ ^ % 
ra the r than an isoproper^yl ( / C - G / j group . m 
gingergrass o i l , on the other hazid, a l l the const i tuents are 
a l i c y c l i c and have at l e a s t one end methylene group. In 
3 4 
cis-p-mentha-l(7) ,8~dien~a^ !eB^  there are two such groups » . 
Palmarosa oil would, therefore, be expected to show only a 
-1 7 
comparatively weak band at 888 cm ^, Naves has used this 
point to determine the purity of palmarosa oil. He has 
suggested the complete removal of the hydrocarbons from the oil. 
sample. This, however, involves fractional distillation and 
as such is of less practical value. The present author 
1^  
« 
! 
• ! 
• l 
1 
lit 
h 
' - • 1 
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TIME IN MINUTCS 
TIME IN MINVTES 
'Mg.! GLC of palmarosa o i l 
Goliiran S ' , 20^ p o l / p r o p y l e n e -
g lycol sebacate on c e l i t e 545 
(100-120 mesh); Temp,135°; 
C a r r i e r gas N2? Flow" r a t e 
2 l i t / h r ; 0 . p r e s s . 2 0 1 rnm; 
Recorder "Speed 6 i n / h r . 
4 0 0 0 3000 1000 900 
Fig.2 GLC of glngergrass oil 
Column 6', 20% polypro-
p/leneglycol sebacate on 
celite 545 (100-120 mesh); 
Temp,135°; Carrier gas N2j 
Flow rate 2 lit/hr; 
0.press.201 mm; 
Recorder speed 6 in/hr. 
W A V E L E N G T H CMICRONS) 
Fig•3 IR spectrum of palmarosa oil 
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Fig .4 IR spectrum of ginger grass oil. 
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considered the possibility of utilising-the infrared spectro-
scopy without a pretreatment to the oil sample. The infrared 
spectra of the two oils were recorded. The infrared spectrum 
of palmarosa oil (Fig.3) shoxved comparatively much less 
absorption at 883 cm" than observed in that of gingergrass 
oil (Eig.4). For a quantitative estimation of the intensity 
of this band, the infrared spectra of both the oils and their 
mixtures were recorded in carbon tetrachloride solution on a 
Perkin-iilmer infrared spectrophotometer. The E-values 
/ • » T ' -, \ S - 1 
V £t, 1 /oj 1 cm; of the band obta ined at about 889 cm -were 
c a l c u l a t e d in each case and are r epo r t ed i n Table I ? . 
Table P / , S~valUGs of iind Methylene Group Band 
a t 830 cm"-^  i n In f ra red Spec t ra 
of Palmarosa and Gingergrass Oi l s 
and t h e i r Mix tures . 
Composition: _ I g^^^ ^^^^^ T E - v a l u e , 
Gingergrass o i l m X T ' X p i € 
-palmarosa o i l . J 1 ^°^ " . X ^ J L 
0 ,0 (F ig , 5) 889.9 2 ,463 
(Pure palmarosa o i l ) 
25,0 (Fig .6) 889 .1 2.752 
50.0 (P ig . 7) ' 889 .1 4.460 
75.0 (Fig .8) 889.9 5.102 
100,0 (F ig . 9) 889.9 6.223 (pure gingergrass oil) 
The intensity of this band at 890 em"-^  can thus be used 
not only to distinguish the palmarosa and gingergrass oils but 
can also serve as an approximate measure of the adulteration 
of the former xvith the latter. 
The band at 1227 cm""^  (assigned to C~0 stretching vibra-
tion in esters) found in palmarosa oil is almost absent ini 
gingergrass oil perhaps due to lower ester value of the latter. 
F i g . 5 I'd spectrum of palmarosa o i l ( in GCI4- soln) 
F i g . 6 IR spectrum of palmarosa and g i n g e r ^ r a s s 
o i l mixture (75:25) ( in CCI4 soln) 
i 
''ig.7 IR spectrum of palmarosa and gingergrass oil 
mixture (^TsO) (in GGI4 soTnT 
Fig.8 IR spectrum of palmarosa and gingergrass oil 
mixture T25; 75) rin~CGr4 soln) ~~~ 
r 
L 
-JS 
Fig.9 IR spectrum of gingergrass oil (in CCI4 soln) 
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Chemical Examination 
of Hyderabad Gingergrass Oil 
By M O H A M M A D SWALEH,* B H A R A T B H U S H A N and G. S. S I D H U 
(Regional Research Laboratory, Hyderabad-9, India) 
Summary 
An authentic sample of Indian gingergrass oil has been 
examined. Geraniol has been found to be absent. The 
main alcoholic constituent is {+)-Perillyl alcohol. 
(—) - cis - A 'C^ '** - p - wenthadien -ol-2 and (—) - cis - A''^ 
-p-menthadien-ol-3 are also present. The latter is a new-
alcohol. The hydrogenation of the former yields (—) 
-carvomenthol as the main product and not isocarvo-
menthol as described by Naves and Grampoloff. 
GINGERGRASS oil is obtained by the steam-distillation of the grass Cymbopogon martini, 
Stapf. (Syn. Andropogon martini Roxb.) var. 'sofia'. 
The other variety, 'motia' yields palmarosa oil. Both 
these varieties, which grow wild in many parts of India, 
are morphologically indistinguishable but have some 
differences in their field habitat. In many regions of 
Andhra Pradesh, varieties believed to be hybrids also 
grow. 
Chemical examination of gingergrass oil has been 
reported by several workers.''^ The disparity in their 
results is apparently due to impure starting material. 
Due to their morphological similarity, the two varieties 
sometimes get distilled together and thus an unin-
tended adulteration of oil takes place. The present 
investigation was undertaken to examine an authentic 
sample of gingergrass oil. The collection of the grass 
and its distillation was carried out under personal 
supervision.! 
While our v/ork was in progress. Naves and Gram-
poloff^ reported their results on the chemical composi-
tion of gingergrass oil obtained from Bombay. In 
addition to the known constituents, namely (+)-peril-
lyl alcohol, (-|-)-limonene and ± carvone, three new 
*The work described here forms part of the Ph.D. thesis of 
Mohammad Swaleh. 
tXhe purity of our sample was further confirmed by a colour test 
developed in this laboratory. The reagent is prepared by adding 
1 ml. of a 10% solution of phloroglucinol in ethanol to 9 ml. 
of cone, hydrochloric acid. A drop of oil absorbed on filter 
paper is treated with a drop of this reagent. Pure gingergrass 
oil gives a yellow colour changing immediately to brownish 
yellow. Pure palmarosa oil gives a reddish brown colour, 
changing to pink in two minutes. Mixed oils give different 
shades depending upon the extent of adulteration. The details 
of this and two other colour tests will be reported separately. 
alcohols, {+)-cis- and (+)-/ra«5-A^*^-/'-menthadien-
ol-I and (+)-c«-A'f'''^-/)-menthadien-ol-2 were found 
to be present. Geraniol, till recently believed to be a 
constituent of the oil, was reported absent. 
J - C g H g 
K7) ,8 . 
C - 5 - C k S - A . - t > -MENTHADIEN-OL-2 
C + ) - ISOCARVOMENTHOL 
I - C 3 H 7 
111. C-3-CARVOMENTHOL 
l -C-aH 3 ^ 5 
CHr 
IV. C - 3 - C i S - A ' ' ® - _ ^ - M E N T H A D I E N - O L - 3 
CISOPIPERITENOL) 
CH. 
CoH 3 " 5 
.1.8 V. C - 3 - A ' -_^-MENTHADIEN-ONE-3 
C1SOPIPERITENONE3 
We confirm that gingergrass oil has no geraniol, and 
its presence as reported in earlier literature must be 
due to an admixture with palmarosa oil; (+)-perilIyI 
alcohol, (+) -carvone and (—)-limonene were present. 
We were also unable to detect (+)-a-phellandrene, 
which has always been reported to be a constituent of 
the oil. Of the three new alcohols reported by Naves 
and Grampoloff,' we could find only the c'/i'-A"''*'^  
-/)-menthadien-ol-2 and that also in its /evorotatory 
form (1). Our sample, purified through its 3,5-dinitro-
benzoate (m.p. 11-1?,''), had [a]'^;,\ - 81-79°. (Naves and 
Grampoloff' reported [a],, + 94-3°; 3,5-dinitroben-
zoate, m.p. 69-69-5°). That it is the (—) enantiomer of 
the (+)-(?«-A'<'''-*-/;-menthadien-ol-2, isolated by 
Naves and Grampolofl"'' is shown by its (i) taking up 
two moles of hydrogen, (ii) giving perillaldehyde on 
oxidation with Beckmann mixture and (iii) yielding 
0-82 mole formaldehyde on ozonisation indicating two 
terminal double bonds. Also the 888-4 cm"' band in 
its I'.R. spectrum (fig.7) is of nearly double the intensity 
as compared to perillyl alcohol (fig. 11) and limonene. 
The l.R. spectrum (fig.8) of its 3,5-dinitrobenzoate is 
superimposable on that of the corresponding 3,5-dinr-
trobenzoate kindly sent to us by Dr Naves. 
On hydrogenation of their alcohol, Naves and 
GrampolofT^ obtained (-r)-«ocarvomenthol (II). On 
the other hand, catalytic hydrogenation of our sample 
gave (—)-carvomenthol (111) as the main product (3.5-
dinitro benzoate, m.p. 106-107°; [<y.]t - 53-76° in 
CHCP: reported' m.p. 107° [a]'^, + 52-48°). On 
stereochemical grounds, carvomenthol would appear 
to be the preferred product obtained on hydrogenation 
of this alcohol, as the noble metal catalysts are known 
to lead to cis- addition of hydrogen.J However, 
some /.so-carvomenthol may also Jiave been formed on 
hydrogenation because after the separation of carvo-
menthyl-3,5-dinitroben2oate, the mother liquor de-
posited a further quantity of an impure dinitroben-
zoate (m.p. 80-83°) which gave two spots on a silica 
gel plate using benzene/petroleum ether (60-80°) (3:2) 
as solvents. The hydrogenated product itself also gave 
two peaks on gas-liquid chromatography; the smaller 
one may probably be due to isocarvomenthol (fig.3). 
A new constituent isolated by us is (—)-m-A'-*-^-
menthadien-ol-3 (IV). On catalytic hydrogenation it 
takes up two moles of hydrogen giving neoisomeniho\ 
(identified as its 3,5-dinitrobenzoate) as the main 
product. This fixes the position of the substituents and 
also the conformation. Attempts to prepare a p-nitro-
benzoate or a 3,5-dinitrobenzoate did not succeed, 
providing further support of the hydroxyl being axial. 
Ozonolysis yielded formaldehyde and formic acid and 
no acetone was detected among the products. The l.R. 
spectrum (fig.5) shows bands at 888 cm"' (terminal 
double bond) and 830-833 cm"' (trisubstituted double 
bond). 
The ketone derived by the oxidation of the alcohol 
could be isomerised to thymol with palladium. This 
provides additional proof of the position of the sub-
stituents. The ketone was identified as Mopiperitenone 
SOCVCNT r%QW 
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Fig. I. Thill layer chromatogram of Gingergrass oil (H); 
Solvent system: Methylethyl ketonelcyclohexaiie{5:95): U) 
Limonene; (2) (~)-carvone; (3) nnidentifiecl aldehyde; (4) 
(^-i-Perillylalcohol; (5) (—)-r/.v-A'('>'"'-p-menthadien-ol-2: 
(6) (—ycis-A''^ -p-meiilha(lien-ol-3 
tC/,v-addition means that the incoming group, i.e., hydrogen 
enters cis to the substituents already present. In this case the 
hydroxyl at C 2 being equatorial, the hydrogen at C 1 should 
add axially to be cis to the hydroxyl. The same would'hpld true 
with reference to the equatorial ;.rapropyl group at C'4,' 
V) through its ultra-violet and J.R. spectra and 2,4-
iinitrophenylhydrazone. 
In earlier fractions, an aldehyde was detected which 
;ave a 2,4-dinitrophenylhydrazone, m.p. 235-236°. 
rhis could not be identified as the quantity was very 
small. Free acetic, «-caproic and levulinic acids were 
identified in the oil by paper chromatography. The 
phenolic portion showed the presence of ten phenols 
on a paper chromatogram. These have also not been 
identified due to lack of sufficient material. 
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Fig. 2. Gas-liquid chromatogram of Giiigergrass oil. Apparatus: Griffin tSc George MKII {with thermal conductivity cell); 
column: 6ft. {20% polypropylene glycol sebacale on celile ( + 120 mesh): Temp: 135°; J*hM' rate: 20 lit/hr.; Recorder 
speed: Sin. per hour; Carrier gas: Nitrogen: O. Press: 201 mm 
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Fig. 3. Gas-liquid chromatogram of hydrogenated (—)-r/5-A"''>^ -p-meiithadien-ol-2. Apparatus: Griffin & George MK II 
{with thermal conductivity cell); column: 6ft. {20'X, polypropylene glycol sehacate on celite {(-f) 120 mesh); Temp. 160°; 
Flow rate 2-0 tit./hr.: Recorder speed: 6in./hr.; carrier gas: Nitrogen; O.Press.: 224 mm 
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Fig. 7. Infra-red spectrum of{—^)-CK-AI<')>^ -p-inenthadien-ol-2 
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Perkin-Elmer Infracord, Model 137, was used for 
the infra-red spectra. The Beckmann spectrophoto-
meter, Model DU, was used for optical density 
rrseasurements. Ethyl alcohol was used as the solvent 
for ultra-violet spectra. 
The gingergrass oil was obtained by the hydro-
distillation of the grass from Bhongir, a town about 
30 miles from Hyderabad, Andhra Pradesh. The oil 
had the following characteristics: 
«^ S, 1-4927; d%, 0-9184; [«}»,- 4-748°; acid content, 
0-90; esters, 5-83; total esters, 59-78; total alcohols, 
53-75; carbonyl content (neutral sulphite method) 4-0; 
phenols, 1-0 per cent. The gas-liquid chromatogram 
and the infra-red spectrum of the oil are reproduced 
in figs. 2 and 4 respectively. The very strong band at 
883 Cm"' can be used to distinguish it from palmarosa 
oil. 
Identification of Acids 
Acids were extracted by 5% sodium bicarbonate 
solution and identified as acetic and n-caproic acids 
by the paper chromatography of their ammonium salts 
(Whatman No.l filter paper; ethyl alcohol/ammonia 
(100:1) as solvent; diazotised-/7-nitroaniline, followed 
by 15 % aqueous sodium carbonate used as the spray*). 
A keto acid was isolated by Girard P reagent and 
identified as levulinic acid by the iodoform test and by 
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Fig. 10. Infra-red spectrum of 3:5-dimtrobenzoale of (—) -carvomeiilhol 
^ 0 0 0 3000 
Fig 
7 8 9 10 II 
WAVELENGTH C M I C R O N S ) 
/ / . Infra-red .spectrum of (-[ )-Perillyl alcohol 
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thin layer chromatography on a siHca gel plate, using 
/;-butanoPchlorofoirm (1:99) and ethyl acetate/acetic 
acid/water (60:25:15) as solvents. 
Isolation of Phenols 
The acid free oil was repeatedly extracted with 2% 
aqueous sodium hydroxide solution. The phenols were 
obtained as a dark viscous oil by acidifying the alkali 
extract. On sodium carbonate treated paper, using 
water saturated methyl ethyl ketone as solvent, the 
phenols in the forrn of their sulphanilic acid dyes re-
solved into ten distinct spots. These have not yet been 
identified. 
Fractionation of the Oil 
1006 g. of the acid and phenol free oil was frac-
tionally distilled on a Towers" column (10 theoretical 
plates). Twenty-six fractions were collected according 
to boiling point and refractive index. The optical 
rotations were also recorded. These fractions were re-
fractionated on a Greiner's column (41 theoretical 
plates) to give fifty-three fractions. 
All these fractions were chromatographed over glass 
plates coated with silica gel G, along with the oil. 
Benzene or methyl ethyl ketone/cyclohexane (5:95) 
were found to be satisfactory solvents for the separa-
tion of the individual constituents of the oil. In all six 
spots were observed (fig.l) corresponding to (—)-limo-
nene, (+)-carvone; an unidentified aldehyde, (+)-
perillyl alcohol, (—)-cis-A'C')'8-^-menthadien-ol-2 
and (—)-cis-A'>'*-/>-menthadien-ol-3 (in order of de-
creasing Rf values). On the basis of the physical data 
and the chromatograms, the fractions were combined 
together to give seven fractions, the physical proper-
ties of which are given in Table 1 and the thin layer 
chromatogram in fig.l. 
under reduced pressure yielded isopiperitenone (V). 
x,„„,., 244 mix (log c = 3-80) and 278 mt^ (log t = 
3-70); 2:4-dinitrophenylhydrazone, m.p. 118-120° (lit. 
for piperitenone and isopiperitenone mixture, >.„,.^ „., 
243 mpt (log e = 3-9), 279 mjx (log £ = 3-85) and 355 
mn (log c = 2-08); 2,4-dinitrophenylhydrazone, m.p. 
125-127° and 187°)". It also showed the characteristic 
strong band of an «, ^ -unsaturated ketone at 1667 cm"' 
in its IR spectrum (fig.6). Molar Refraction, 46-49; 
Fraction 
No. 
A 
B 
C 
D 
E 
F 
G 
Identificat 
Pressure in 
mm. 
19-0-20-0 
180 -190 
8-.'S-10-0 
6-3- 8-0 
5-6- 6-2 
3-1- 5-4 
1-2- 4-7 
ion of Fractions 
Distillation 
temp. °C 
70-25-73-0 
76-0 -98-0 
81-5 -88-5 
87-5 -89-0 
87-5 -90-0 
88-0 -93-0 
79-0 -98-8 
T A B L E 1 
Refractive 
index 30°C 
1-4682 
1-4735 
1-4836 
1-4835 
1-4830 
1-4866 
1-4930 
Optical 
rotation 
(—) 88-92° 
(—) 48-32° 
(—) 68-35° 
(—) 70-41° 
(—) 42-42° 
( + ) 17-38° 
Calculated for 
Specific 
gravity 30°C 
0-8371 
— 
0-9150 
0-9415 
" 
0-9468 
0-9534 
C10H14O, 
( 
( 
45-2e 
Composition 
(—)-limonene 
(—)-limonene and an 
aldehyde 
(—)-]imonene and 
(—)-wopiperitenol 
mixture of 
(—) wopiperitenol 
(+)-carvone and 
(—)-/?-menthadien-ol-2 
(+)-carvone 
(—)-/7-menthadien-ol-2 
(~|-)-perillyl alcohol 
; Exaltation 1-23. On 
Fraction A: This fraction was identified as (—)-limo-
nene by the formation of tetrabromide, m.p. 103-5-104° 
and nitrosylchloride, m.p. 104-105°. The specific rota-
tion recorded for pure limonene in literature is-122-6°. 
The lower value, -106-5°, observed by us suggests the 
presence of a small quantity of dipentene. 
Fraction B: The fraction contained an aldehyde 
along with limonene. A few mg. of the aldehyde was 
isolated through Girard P reagent. 2,4-Dinitrophenyl-
hydrazone. m.p. 235-236°. It has not yet been identified. 
Fraction C: This was refractionated to yield (—)-li-
monene and (—)-A-''8-/7-menthadien-ol-3 (IV) b,,, 
89-5-91°; n;i, 1-4840; el's,, 0-9457; [a]«', - 72-47° [af^, 
-76-6°; Anal,. Calcd. for C,„H„0: C, 78-89; H, 10-59. 
Found: C, 78-02, H, 11-10. 
Hydrogenation of (IV): 5 g. was hydrogenated at 
40 p.s.i., in ethyl acetate, using Adam's catalyst. Two 
moles of hydrogen were taken up. The catalyst was 
filtered off, the solvent removed and the reaction pro-
duct distilled under reduced pressure, bjs, 75-5-76°; 
rit, 1-4539; d,l. 0.9043; [aj^, - 3-36° (C.H,OH, c = 
2-38). Its 3,5-dinitrobenzoate recrystallised from ethyl 
alcohol, corresponded to that of neo/i-omenthol. m.p. 
107-108°; [af-\ - 5-2° (CHCI,, c = 1-15%). 
Oxidation of (IV): 4 g. of the alcohol was treated 
with 6 g. of sodium dichromate, 20 ml. of glacial 
acetic acid and a few drops of water at 70° for 2 hours. 
The reaction mixture was diluted, neutralised with 
sodium carbonate and extracted with ether. The ether 
extract on drying, removal of the ether and distillation 
digestion for 2 hours with 10% Pd (C) catalyst, the 
ketone isomerised to thymol. 
Ozonolysis of (IV): 2 g. of the alcohol was ozonised 
in carbon tetrachloride at 0 to -5°. On decomposition 
of the ozonide with water, formaldehyde and formic 
acid were identified. No acetone could be detected. 
Fraction D and E: On silica gel plates, these fractions 
were found to be mixtures of (IV), (+) -carvone and 
(—)-A'(^^-'*-/)-menthadien-ol-2 (1), and were not 
examined separately. The latter two compounds were 
identified in fraction F. 
Fraction F: This fraction gave a positive test for 
a carbonyl compound, which was extracted out with 
saturated sodium sulphite solution but could not be 
regenerated from it. It was then isolated through a 
silica gel column, using 20% ethyl acetate in benzene 
as solvent. This had be, 90-91°; n^, 1-4772; df^, 
0-9547; [oc]--\ + 19-36°; [a]-'"-'', + 20-24°, and was 
identified as (+)-carvone; phenylhydrazone, m.p. 
107-108°; 2,4-dinitrophenylhydrazone, m.p. 187-188°; 
H,S adduct, m.p. 210-211°, [af^ + 45-87 (CHCl,, 
c = 0-87 %). The specific rotation for pure (-r)-carvone 
is reported to be near + 62°. The low rotation of the 
carvone isolated suggests the presence of some 
(±)-carvone in the oil. 
The carvone-free fraction was redistilled to give 
(__)-c/5.i(7),8.^-menthadien-ol-2 (I). b„ 97-101°; / ^ 
1-4886; dl, 0-9468; [4;°,-74-93; [ex]™,-79-14. Anal. 
Calcd. for Ci„H,„0: C, 78-89; H, 10-59. Found: C, 
78-78; H, 10-83; 3,5-dinitrobenzoate, m.p. 77-78°C 
(from ethanol), [aj^, - 35-72° (CHCl3,c = 1-01 %). 
Anal. Calcd. for Ci,Hi.O„N,; C, 58-95; H, 5-24; N, 
8-09. Found: C, 59-00; H, 5-24; N, 8-05. 
The purified dinitrobenzoate gave only one spot on 
thin layer chromatography over a silica gel G plate 
using benzene/petroleum ether 60-80° (1 -5:1) as solvent. 
It was hydrolysed with methanolic potassium hyd-
roxide to give the pure alcohol, bj,,, 127-128°; n\", 
1-4864; dll 0-9368; [af i \ - 76-77°; [a] t \ - 81-79°; 
R M D , 47-84 (calculated for Ci„HieO, 47-7). 
Hydrogenation of {I): 5 g. of) was dissolved in ethyl 
acetate, and hydrogenated at 40 p.s.i. using Adam's 
catalyst. 2 moles of hydrogen was taken up. The re-
action product was worked up in the usual way and 
identified as (—)-carvomenthol (10) bi„ 96-98°; «*, 
1-4594; d\l, 0-9020; [oc]g, - 16-0°; [a]^, - 17-63°; T.R. 
spectrum (fig.9); 3,5-dinitrobenzoate, m.p. 106-107°C, 
[a];-;,- 53-76° (CHCI3, c = 1-86%); LR. spectrum 
(fig. 10). On oxidation, it gave (—)-carvomenthone 
[a]^, - 8-41°; 2,4-dinitrophenylhydrazone, m.p. I44°C 
(lit. 143-5-144°).' 
Oxidation of (I): 4 g. of the alcohol was oxidised 
with 6-0 g. of sodium dichromate, 20-0 ml. of glacial 
acetic acid and a few drops of water at 70°C for 2 hours. 
Perillaldehyde (2,4-dinitrophenylhydrazone, melting 
and mixed meltingpoint 192-193°) and a small quantity 
of perillic acid, m.p. 132-133° were identified among 
the reaction products. 
Ozonisation of (J): 1 g. alcohol was ozonised in 
carbon tetrachloride at 0 to -5°C. On decomposition 
of the ozonide, 0-82 mole equivalent of formaldehyde 
was estimated by dimedone. Under identical con-
ditions, perillyl alcohol and limonene, both having one 
terminal double bond, gave very little formaldehyde. 
Fraction G: This was identified as (+)-perillyl 
alcohol; I.R. Spectrum (fig. 11); a-naphthylurethane, 
m.p. 148° (lit. 146-147°,>' and 156-156-5°)^ 3,5-dinitro-
benzoate, m.p. 72-5-73-0°; a-naphthylamine adduct of 
the dinitrobenzoate m.p. 99-100° and P-naphthylamine 
adduct, m.p. 103-103-5°. 
On oxidation with Beckmann reagent, this gave 
perillaldehyde and perillic acid. 
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Colour Reactions for Distinguishing Essential 
Oils of Cymbopogon martini (Stapf.)* 
By MOHAMMAD SWALEH, L. M. SRIVASTAVA and BHARAT BHUSHAN 
(Regional Research Laboratory, Hyderabad 9, India) 
C YMBOPOGON MARTINI grasses grow wild in many regions of India and occur principally in two 
morphologically indistinguishable varieties, motia and 
Sofia, which yield palmarosa and gingergrass oils re-
spectively. Although they are reported to have different 
field habitat, ' these two varieties are often seen to grow 
side by side in several areas. Adulteration of com-
mercially more valuable palmarosa oil with ginger-
grass oil may thus take place even during distillation. 
This communication reports three reagents which 
give specific colour reactions with the two oils and 
which may be employed to determine their purity. 
T A B L E L 
C O L O U R T E S T S FOR P A L M A R O S A A N D 
G I N G E R G R A S S O I L 
Colours Observed 
Pure Pure 
Reagent Palmarosa Oil Gingergrass Oil 
I Reddish-brown; 
changes to pink in 
two minutes. 
II Light purple; 
changes to greyish-
yellow after five 
minutes. 
i n Yellowish-green 
after thirty seconds; 
changes to dirty 
green in three 
minutes. After five 
minutes takes a blue 
tinge. 
Yellow; changes im-
mediately to light 
brownish-yellow; 
becomes lighter in 
intensity after five 
minutes. 
Pink within a few 
seconds; remains un-
changed after five 
minutes. 
Light green, changing 
to greenish-blue; be-
comes bluish-black 
after two minutes. 
*These tests are being examined in detail by the Natural and 
Synthetic Perfumery Materials Sectional Committee of Indian 
Standards Institution. 
Reagents 
I. Ethanolic solution of phloroglucinol (10 per cent; 
I ml.) added to concentrated hydrochloric add (9 ml.). 
II. Ethanolic solution of vanillin (20 per cent; 1 ml.) 
added to concentrated hydrochloric acid (9 ml.). 
I I I . Ethanolic solution of phosphomolybdic acid 
(10 per cent; 10 ml.) added to concentrated hydro-
chloric acid (5 ml.). 
Reagent I is specific for palmarosa oil while reagents 
II and III give specific colour reactions with ginger-
grass oil. An impurity of 0-25 per cent or more of 
gingergrass oil in the palmarosa oil could thus be 
readily detected. 
Further work on the constituents responsible for 
these colour reactions and on other methods of detec-
tion of adulteration will be reported in due course. 
Oils 
Palmarosa and gingergrass oils used in this investi-
gation were obtained from authentic varieties of grasses 
collected and distilled under personal supervision. 
Synthetic mixtures were prepared by mixing the two 
oils in various proportions by volume. 
Procedure 
One drop of the oil sample is absorbed on a filter 
paper. A drop of the reagent solution is then placed 
over it. The colour developed in the first few seconds 
and also the subsequent changes during five minutes 
are given in Table 1. 
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